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maturity i n  an r l f t w l  f ie ld ,  4 1981-82 
Corrrlrtion rwng il -f irrt ion prramterr 
a f t e r  60 dry8 of  pbat  p r w t b  and yield 
parurterr i n  wtbod of inooulrtion tr ir l ,  
C I C E - l p  1981-82 
Btfrct of defry in w i n g  rfter irrigation 
rnd m t M  of inoculrnt rpplimtion on nadole 
n-rr per plrnt rt 30 dryr, potted plurtr 
In glr@rhou@e, 
The effect of delry in roving after irrigation 
and inoculrtion w t h d  on w a n  frerh n t g b t  
per plrnt in  pot8 rt 30 drys 
19odule nu-r per plrnt of ehlckpcrr rt 
different timer under different typcrr of 
land preprrrtionr in r Vertirol field, BP 13, 
1981-82 
M u l e  number pet 8q.n. of chickper rt 
different t y p s  of land preprrrtionr in r 
Vertirol field, BP 13, 1981-82 
Nodule dry vt (rg per plant) of chickper rt 
different timer under different land preprrr- 
tionr in s Vertirol field, BP 13, 1981-82 
Wule dry w t  19 per 8q.r) of chickpea rt 
differant t i u r  under different t y p r  of 
land preparations in a Vertirol field, 
BP 13, 1981-82 
Specific activity I u molt8 C, B, production 
par g nodlh) of chickpea sdluler at different 
t i w r  under different type8 of lrnd prop- 
rrtionr in r Verti8ol f ield, BP 13, 1981-82 
Nitrogmrre activity (nano aole of C t R ,  
production per pl /h)  of chickper rt ditfe- 
rent tire6 under different type8 of Irmd 
preprrrtionr in r Vartfiol field8 BP 13, 
1981-82 
Nitrogenare activity (, molar of $8, 
production per rq r/b) of ckickp88 diffs- 
rent timer under different typrr of land 
preprrrtionr in r Vortirol field8 BP 13, 
1981-82 
Top w t  (q per plant) of chickpea a t  difte- 
rent t i w r  under diffrrent typrr of lrnd 
preprrationr in r Vertirol field, BP 13, 
1981-82 
Dry vt (9 per rq..) of chickfmr r t  di f fe-  
rent tims under different t 8 of Irnb 
preparation8 in r Vettlrol f eld, 6P 13, 
1901-82 
r=
Total dry n t t c r  a d  $rain yield of  chick- 
pra at 117 dryr hwvert  under djffrrent lrnd 
preprrrtione, f i e ld  BP 13, (area hrtverted 
27 8q.a). Data rupplled by Dr. N.P. Irrmr, 
Pulra Phyrlolopy 
Effect of drpth of sowing on nodule number 
per plant of chickpea, BP 13, 1981-82 
Effect of depth of roving 00 nodule wight 
(q/plrnt)  of chickpar, RP 13, 1981-82 
Lffect of depth of rowing on nitrogenrrr 
activity ( v molcr of C , H ,  p e r  g nodulr/hr) 
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5 Temperhture recordinqr i n  wrter (-1 i n  
wrter b thr  and r o i l  (---I in potr 1raqd 
i n  four d i f ferent  water bathr, Erc R tigurc 
reprerent8 a di f f e r m t  temprrrture r r g i r  
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6 t r y o u t  u p  of "I t r i a l ,  I P  13, 1961-62 
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2 Perforrunce of IC-76 i n  rtrrin 
and hort interrct ion t r i r l  of AICPIP 
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3 LirL of f i r l d r  f ram rbe.cr r o i l  urplr8 
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CP-Mlcro-5 (81) Ecology of chlckper rhizobla 0.P. Rupel8 
and selection o f  lnoculant 
str6lns 
CP-Mlcro-6 (81) Nltrogen fixatlon by O.P. Rupclr N.P. Saxena, 
chfckpta 3.R. hrford 
CP-Micro-7 (81) Selection of chickperr gem- O.P. Rupel r Jagdish Kumar 
plasm for N2-f ixat lon 
1. lnd ic r t ionr  a r e  t h t  the  plant  qrorth problam in tert 
t u k r  n r r  m i n l y  due t o  bf9h t n p r r t u r a  inr ida t b r  
t u k r .  *r did  not f loe t be r r  problnr  a f t e r  n r t r r t a d  
r i n t r f n i n g  t b r  roor t a l p r r t u r e  2 0 u e C .  
2. we could not u t i r f r c t o r i l y  nodulrte ahickprr p l r n t r  
i n  agrr  h i e d  n d i a .  More input ir  requirrd t o  rodify 
tba ayr ter .  
3. Tubed chickp.8 plant. can be a r t i a f r o t o r i l y  nodulrtrd 
i n  l ighted inaubrtorr  krider p l m t  growth uni t8  
derigned a t  ICJtfIUT. 
4 Burveyr for  nodulrtion and nat ive ohiokpea rh i robl r  i n  
f a r m t a r  inb rcllrrerrcb r t r t i o n  f ie ld8 in  Ra r r than rnd 
l rdhyr  Prrderh tndicr ted poor oor re l r t ion  1 n root 
nodulrtion and the l eve l  of nat ive c b i c k p r  rbirobia 
i n  r o i l .  W t  tba f i e l d 8  ritb <100 rhizobir  per g r o l l  
alwryr brd pootly nodulrted lmtr. About 39 and 558 1 af the field8 ump1.d i n  Had yr Praderb and llrjrrthrn 
rerprctively &d <lo0 r h i m b l r  per g r o i l .  There 
f igurer  include f i r l d r  rbicb.did not prow chickpea a t  
a l l  a t  lerrt for tb* prrt 5 p r r r  48 per tbe 
i n f o r n t f  on col lected f tom tbe f r r m r r  . 
5. s o i l  population in a r o i l  p r o f i l e  of r 
a d  dune i n  IUjr8tb.n r 8  very var iable  with drptb rr  
compared t o  m r l l u v i r l  r o i l  a t  Baryanr Agricultural  
Univerrity. 
6. Chickp88 powlition r r r u r d  in  73 f i e l d r  
inbicrted 28# 24 a d  21 fielbr witb <lOOt 100-1000 
and >I000 rblzobia p r  g roil  re rpwt ive ly .  Field8 
w i t h  (100 rhizobir  per g r o i l  were r t h a r  in  un8prry.d 
area a t  mouth end o f  the fat. or  Alfi0018. $ueh f ie ld8 
a very ureful in  u~uducting r o w  t r i a l 8  r i t b  
$-if ic objectin..  * 
7. In tbe t r i a l  on roreenin i n r o l r i n  16 
r trr iw tk n ~ l ) i ~ ~ ~ ~ l a t  J tir/it-n ? 
receiving 150 kp Vbr produead r r i r m  drymatter 
fol lornd by r t r r i n  TC-2Q02, CII-777 and 1C-149. 
loninocu1at.d t o n t r o l ,  IC-2072 md TC-4 ware uong tba  
l m a t  yielderr .  ?or grain yield,  rtrrin IC-2002 
ranked f i r r t  toll& by a-777, WifTAL ud IC-149. 
Tin nonlnooolrted oontrol, IC-2072 .ad IC-6 nt8 8 ~ i t i c m t l y  interior  t o  ZC-2OO2. uittop.n app1i.d 
conttol ranked eleventb. 
8. 190 interaction k t m n  t h r w  r t r r i n r  ( ICm7L8 
?-75 md 8-15) rnd three cultirrrr (kmigot i8  1D1 9-3 
and 1(-850) war n o t i c d  to t  nodolrtionr i , - f t r r t ion ,  
I-uptake, d r y u t t e r  prodoction rnd 9r.h yield i n  r 
t r i r l  conducted i n  r low nhilabfur f ie ld .  Strain 
8-43 rrnk.6 f l r a t  tollornd by ?-75 and IC-76 tboogb 
the dlfferencer k tveen  r t r a in r  cnrr not r i gn l f i cmt .  
A l l  tbe  three r t r r i n r  r e r u l t d  i n  r ign i f ic rn t  
i q r o v e m t  i n  nodulrt ion, it -f ixrtion and grain y i e l d  
over noninaeufated oontrol. Woninoculated oontrol 
r+ceiving 150 kg Nfba yieldvd mote t b rn  Jh&W&a 
r t r r ' in r .  
9. Bignit lcant improvewnt i n  nodulrtion, i, -f irakion and 
p h n t  growth i n  early rtrgea war n o t i a d ,  i n  r 
inuculrtion t r i a l  in a Vertirol f i e l d  
having (10 rhirobia S 1 .  About 16t  inureare i n  
grain y ie ld  due t o  application war 
recorded i n  t h i r  t r i r l  whicb war not rignificmt. 
10. I t  war n o t i c d  tbrt rhi tobir  applied rr reed oort do 
not m n  lornr down t o  t h e  rootr where t h e y  a re  
r+qu l rd  t o  infect tbe rootr and form noduler. Such a 
por r ib i l i ty  w r r  t ecordd  i n  an Alfirol  f i e l d  v i t h  (100 
native chickpea rhirobia per 9 $oil  and t s r t ed  i n  
further f i e ld  rnd pot t r i a l r .  
11. Liquid wtbod of rpplicrt ion war found 
auperior t o  t radi t ional  reed coat method. 
1. To quanti tat ively re la te  r o i l  rhltabiur population 
t o  ruccerr of inocu1rtion.in A range of r o i l r .  
2. To identify and c l a r r i f y  a t ta in8 i n  
f i e l d  population8 nodulatinp cbickpe6 and rtudy t he i r  
vrr Sat ion betwen rcrronr rnb interaction w i t &  
inoculant r t r a in r  and environrrmtrl vl;rirbles. 
3. To determine whetber the ruacera of inoculant r t r a i n r  
ir dependent on lnbercnt compatitiv8nerr. 
4. To rrlect r f iec t in  competitive rhirobia a8 inoculantr 
capable of fomhq nodule8 in both frvourable urd 
&dver11e aoil conditionlr. 
lork carmoed on t& tro otiginrl pto)wtr in  1976. 
Tba uj o r  u r l y  rcbluennt r r  to develop a twhnipoe of 
proving cbickpr i n  teat t u b a  thtu r k l n g  it po8rible to 
ore tbc rerlrldil~tion~ plmt-infeation twhniqpe to 
ertimte nonberr of tbirobia in roil8 or my rdlom rbrtr 
o t b r  org&nirr r e  prarent. mi@ war prrtiaulrl 
important rr no otber hort war available to bo r t h t i t u t  
for chickper a8 r trap bat. 
J 
Tbe ure of chickpea rr 8 trap boat not only provided 
the  es8entirl tool to count rhit4bir but the nodule8 formed 
on the plant8 from tk roil raapleo rervrd 40 r rouror of 
for pure culturo irolatrr Cot tbo 
coll.ction. The collwtion 4180 continowl to boild up from 
irolater obtained froa nodule8 aollect.6 diractly from 
farwr18 field. durlnq nodulrtion ruzvey8 and from &errear 
10urce8 . 
Previour work h a  providod a rearonably c h a r  picture 
ot the populrtionr of abickper rhitobir rt ICRISAT. 
mrully,croppd Vertirol fieldr generrlly brve population8 
of 10' to 10' par g roil. Varioo, erpcrrimntr, w i t h  
differing objrctiver, have includd noninoculrtd aontrol8, 
and rignif icant yield rarponror to inooulrtion have k e n  
mrrard only in thma out of 7 fieldr with low native 
population8 L e e  (100 rbitobia par g roil (Table 
1) . Wo rield rerponru &re 86 fag h e n  observed in f ield8 
with 10 or .ore rbirobia per of roil. Alro rurpriaing 
bar been tbe virtual Ibrmce of c E ickpa rbisobia from the 
Alfirols on ICRISAT, in rpite of tbe clore proximity of the 
differing soils, and tbe apparent opportunitirr for 
contrmination in durt, on vebicler and far. equipment rtc, 
Water of all ICRISAT lake8 war alro apparently free of 
chickpea rhizobla when checked in April 1982. 
Tbe work in tbS8 project in 1981-82 tb~tefote 
concentrated on the relrtionrhip of roil population8 and 
rarponrsr to inoculati~n. 
o r  ertintion of m r t  probable nu-r IHP19) of 
cbickpea rhirobia the rerial dilution plant inteetion 
technique urer cbickpr plant8 grown rrceptiarlly in 200 x 
25 = teat tubare Tba plustr r te  dwarfd by r%airion af 
cotyl.donr of  germluting roadling8 i .wdi8trly k f o r e  
aouinq. Tuber, pluqgd with astton, mt8k 30 aa oC auarw 
und (2-4 r dfrut.t.1 rupp1i.d with 9 m1 of  nrttrk&nt 
solution (Tomwan e t  a1, 1984).  Plants p r a n  i n  plant  
gtortb D D ~ U  requir'iC"ril.ut one r t a r i a g  wttb 3-5 81 of 
nutrient solotion por tuba a t  about 2Q-2% 6.y 89.. A f t * ?  6 
w e k r  tk p-tr are brrmtad by r a h i t q  the mad &my tor 
nodolation &retvrtiona. Wa COb&~ut+b IQT e s p l r i ~ n t a  in  
an ef for t  to  improve upon t b i r  wtlerdl. 
In tk r u r  o f  1981 w noticed problem i n  t u b d  
cbickpr plantr i n  tbe  plant growth onitr. b a f l e t a  a h o W  
yellow rpatr rimilrr to f dafic ienc rern on white cloVbr. 
The rylptorr w r e  evibent on o14.r r errer f i r r t  and e r t e n d d  
to growing leave8 i n  about 2 rrekr. m o t  4 O I  of the plrntr 
vere graving poorly rnd rome d i d ,  while row nodulatrd and 
rurvivcrd tot  6 weak growth period. In an m p a r l n n t  
dcrigned to t e a t  recovery of r rhirobir i n  rurprnqion of 
known nurrkr~ w i n g  tuber pluggod with rponge rrtbet than 
cotton, only  50% of tuba f o r d l  nodule8 with e i t h e r  
tcertnnt ,  even when 13 rhitobir were rdded per tube. 
$ampler from both noraal and unberlthy plrntr were 
chrmicrl ly  rnalyred by 8o i1  Chemirtry rection. There 
rerultr were a r  followrt 
mile t h e  eymptou 8upgert.d R and Hn deficiency (Dr. 
N.P. $axma p.rron.1 c o r u n i c a t i o n )  and tbir r.8 supported 
by the data above, we could not explain rby there elements 
rbould bwoae deficient i n  a o w  tub.. apd not i n  others 
while they are a l l  ruppli.6 r i t b  u w  nutrient nolotion. 
I?aoum, B., Rupalr, O.P., l i t t a l .  S., Dart, P.J., and Clark 
1.1. 1984. Co~ntin~ a plmt 
infact ion technique. mil  Biology ud Biocbuirtry, 
A c c q t d  for pblirrrrtion. 
~.d inq ' r  i - i r n  moQtion h.d k.a aaad r i m  1976. rr 
rcrt tap r 
to ooS ra r e e m t i 0 8  of thitdbJe ~ ~ W I I ;  tb b a t  phnte r t r  g r w n  r th 4 biffermmt nrttknt rolutioom 
1 2). kwrrcrz bb rririlat 8 our to  thorn ~lmn 
ea r l i e r .  T&e r r o l t r  in4icat.d tht T t ate wta . k i p  i n  
nodulation r l t b  a11 t o p e  aolotlonr. Zb p l m t  growth 
p r o b l n  w.8 cf8srly not r o l v d .  
asamination of  t he  011 of t h e  mnd .nd nutr iaat  rolution ( ~ a b b  3) did not a o l n  tb. problem rltboylb high pl iawlr 
of raw of the undr rcrta wmriberd  t o  be vary marginal for 
nodulrtion. 
lowver  ttom 15th my 1981 6 r ep laad  W L n q 8 r  N-trer 
rolution w i t h  Arnon'r* t o  provide 4 .ore r0pe4trble rolution 
u r inp  deminerr1is.d -tor + r i n o t  rlrmntr r r tbr r  thur 
relying on tap  water t o  provide ninor o l rwnta  rr i8 tho 
care for Rerding'r solution. 
We r h o  ezuinad  the  t-rrtore level8 in the plant 
grovtb u n i t r .  Tbe a.bient teqmrrtuze during the pclriod 
~ p r i l  t o  Augurt  1961 rcrrr u ru r l l y  above 22% for mat of the 
pried du'tinq t b e  dry. Temporrture crbrrtr o f  tho r a m  
period in 1980, tbo previoor ymrr rbwd  toaperrturer 
mrtly around 20% and alway8 bolow 2 5 %  whioh ir aonaiderod 
t o  ba ar t i r faa tory  .dl r l l o n  ruceer8ful nodulrtion wen 
uhen only one viable (3.11 ir pre80nt i n  t b r  t u b .  
A r y ~ t e n t i c  ret of t ~ n p r t r t u r a  n u u r a w n t r  war collectad 
i n  Apri1-ll.y 1981 (Table 4 ) .  W. aonaluded that  wi th  a l l  
l i g b t r  '01' the teqmtature  inride tb8 tuber erceedd tbo 
r i r  temperature by 3-7%. With only one of each p a i r  
functioning the d i f f+ ton t i r l  war .2-4.C. To aobirve 25% i n  
the  tuber t b r e f o t e  trqulirer m a i r  tampacrture of not m r e  
t h a n  20% and i n  tbe  rumr  t b i r  can only ba rchievod by 
removing one of arch pit of 1igbt;rr. 
Pros  3rd AuptUt 1981 m maintained ambient a i r  
t e ~ p e r r t u r e  r t  20 ST. Tbe e z p r i w n t r  conducted a f t e r  
t h i 8  date did not give any p r o b l n  of  plant grovth. Wa did  
not re. any yellow apotr on the  lraver. We believe that our 
problem w i t h  growing chickpa p ant8 war due t o  t g . r a t u r e  
8 b ~ n  
b r r tber  than nutrientr  but t ir  bra not k e n  conclurively 
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tk oripgnal heirlaat to o w  und i n a t d  o f  t k  mote 
a m n l y  o m !  agar toll& ear ly  e r p e r i r a t r  a t  ICRI8AT in 
a i c b  nodolation of p l u t r  n a  .or* rol iable r i t b  und. 
lwewr tb* cb ickp .  plant t u k o  a..d tor  RI ertiuter of 
cb ickpr  #,buUm require 1 t o  2 watering8 daring tk plant 
growth prriod. T b  .rotant and frequency of vl tering 
n w e a u t y  ir certain1 bard on r mbjwti*. decision and 
error8 occur. Anot g e r  probla .o.ocirt.d wi th  tbr uoe of 
rand i r  tba need t o  r r r b  and remove tbe un4 a t  tbe end, of 
experiment to ree tb. nobaler. 
During 1981 tbe iroue of agar vr. mnd urn rp r i n  
rrir .4.  Dr. 1. I r l u ,  Microbiologirt a t  ICAADA clrlmd 
uuccerr i n  nodulrtlon uaing agar and Dr. R. 
L.krbinrrryanr,  Clicrobiologirt a t  M U  rboud plant, tuber 
ruccerrfully nodu1rt .d i n  rgrr .  C a r o n  t o  both r i tu r t ionr  
urr tbe ur8 of Jenren'r rgrr  u d i u m  md tbe Gibron t u b e  
technique (root8 enclored and topa outride the tube). Dr. 
Wkrbainarryan8 prepard  bim rgrr  i n  rocb wry Zhat t h e  
agar uontrin.6 very mny 8-11 r i r  babbler. 
We ermined plant growtb ar re rb l ie r  by coq;wring t h e  
recovery o f  frm r plate counted rurpnr ion.  
roalowing our n o r u l  practica the pl rntr  were grown wbolly 
w i t h i n  t h e  t o k  uring preqarminrtod redm w i t b  escired 
cotyldonr.  ?or preparation of a a e r r t d  agara, tub- u r e  
cooled t o  55 ' C in r 'water bath and rhrken v i  oroualy on a 
8Vortet8 rbrker u n t i l  tbe agar r t r r t ed  t o  r o l i  8 ify.  There 
were tban cooled t o  p r e p r e  b o t b  mplugr. .nd a r l o p r o .  
CSerrly rg r r  bmed wdir ware no more 8uccerrfo1 i n  out 
hand8 tban it bad bmn i n  tbe part (Table 5) r r  the nuabers 
of porltive tuber uere much la88 than  in u n d  where tbe 
exp.ctM number of pori t ive tuber war obtrined. 
Flw plant growth unit. i n  tame r t  ICIISAT are  large and 
rui table for grwing u n y  plantr. ?or an g a r i o n a l  urer a 
m u l l e t  f a c i l i t y  would be ibeal p r r t i cu l r r ly  i f  it oould be 
r h i f t e d  eari ly.  W. therefore compared r 1igbt.d incobtor  (Percival, Boone, fm, USA lode1 I 35 LL, wi th  r tmdard 
wi tb  ICRI8ATderlgn.d plant growth unit  for  
nritab f ttinr l i t y  of growing and adu l a t i ng  chiukprr plmtr. Tbe 
Parcival incubator bra 65 cr r 65 cm rheZve8 f i t tad wi th  two 
k l o o r e ~ e n t  t ~ k r  (60 a, 20 1) p r  r k l f .  Ileight of a 
e l f  oan k adjlutd t o  requirement. The ramolt8 (Table 6) 
Lndioatr that lmtr can be grom ud nodolatad i n  tbe 
h r e i v a l  im&Lor r l t b  riml1.r m.ocru f o  Lb. plank p r e b  
unit. rt  i a  preferable a8 w i d e  btetrl l l l a a ~ t ~ o n  
liqbt iat.natt rw 33-3 ! l lea$ vitb , kop illumimtSon 
bocaroe o f  the  t k  cotton plug# in t& 
t u b 8  
In Jrnuary md lebrurry 1982 rarveyo ver* codluatcnl i n  
tbe  Owrlior rrer of Ckdbya Pradrah and Ra rrthrn to erminr 
the  relationrhip of roil popolrtlonr, roi! cbaractorirtlcr 
and nodulrtion rtrtur. Soil rrmpler urre anorrlly 
collected from tb inter-tor rprcm i n  chlckpaa fie ! do. In 
W l i o r  rraa r o w  rrapler vere rlao collooted froa fieldla 
expected to 9rw chiakprr in 1982-83, to brl $*laat r field 
with low chickp.8 .bllabinr population 4 or 8 rubre urnt 
trial. Tb. majority of rrmpler an t r o a  frrwrr' f f aldr 
and r o w  from terratch rtrtionr, ?row @#ah rite, f i ve  
rreprtat+ irmpler, eacb to 15 cm depth (30 a depth in car8 
of 8.jrrtb.n are.) were poold,  plao.6 in a plrrtic bag 
rerlod and rtored i n  m inrelated box. $amp188 were 
returned ar roon ar practicable to the labor8tosy and rtoted 
under refrigeration until all tertr were coapleted within 15 
dayr of collection. 
In the -liar rutvey a b u t  394 of far~r'r fialdr blld 
populrtiono <lOO/g dry roil (Tablea 7 and 8) - level8 
comideratd on JCIIIBAT axprience to be likely to allow 
nodulrtion rerponrrr to inooulrtion (Tabla 11, In m a t  of 
t h e m  rfter nodulrtion of plantr m poor wltb u n y  plant8 
not nodulrted. Bowover there war no aignificrnt correlation 
of populrtionr with nodialation nor with otbw roil frctorr 
merrorad (Table 9) stcept t b r t  populrtionr w r e  nclprtively 
correlated with .oil R), level. 
In tbe  rorvey of Rljartbn,. 29q of tho tieldo wars 
eitkr free of rbfzobir or contained very low numberr (< 20) 
(Table8 10 md 11). Alebough row plant8 were nodulrtd i n  
fitldr from which no rhirobia ware recovered, but wbiab 
clearly muat have contained the rbisobir, the plantr in 2 
field8 were a180 fcso of nodule8 T a b 1  1 Tbere war, no 
obviou8 ralrt$mrhip between mil c&rrcterirticw (pHr PC, 
roil miature, n i t r a t e  nitrogmr) md ppulatlorra 
altbmsgh t b r e  m. o m  correl.ttun of 
aadolation with prcmt.9. roil mojrturr T Zm"""" 121. 
The ra lr t iouhip  of nollktr o t  rhttobir t o  roll  depth 
war alro ammind at 3 .pot# of r und dona growing cbick a 
o r  i n  Wjutbrm (Table 1 3 ) .  Variation w u  great and rhir 18
w r e  f o w l  even belor one wtra ,  tba mly conrirtent factor 
O r ,  
if 
r 8  LI 
P?w 
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uHd a. w Lmooolm ocr (I obiokpa p l u t  $torn wdrr @..)ria 
RA1LAitiam (t~tWtf&t$~fill) • XC I t  f ~ r r w l  W911# a t  
porliflrrrr r crhlcrkpU rbillAalar attain* X t  i# Srkn 
n w m r a r y  t o  6. te r r ine  b t b  tba *f~0gtiWm*88 iXI Ia-fLmtlm 
and tb. computitive r b i l i t y  of tk @tra in .  
Ao tkn t i aa t . d  8ttrh. 4te t h n  t r h d  in r.p3imtrd 
t r i r l r  in  tb. g l a 8 r b a o ~ ,  i n  pot8 o f  mad to t  thait relrtiva 
e f f i c i m c y  i n  MI-fitation r i t b  one o r  mrr ao l t i va to ,  $#oninoculated and non inoau l r t d  i -hr t f l i sor  ttK), pot. 
a e r r e  a cont ro l r .  M o l e  n m k r ,  nodulr might, 
ni t rogenare  a c t i v i t y  a0 wrrurrd b m ~ t y l r n e  toduction, 4nd 
rboot m i g h t  per p lant  are w r o u r  d . Tha kr t  pwfora inp  
a t r a i n r ,  bared on rboot wrrigbt,*rre tertad i n  tba field to t  
t b e i r  p r f o r r r n c e  i n  f i r i n g  n i t r  en and a o m t i t i v m n e r r .  
a technique8 b+co.o rvrilrb "f e fo r  r r r r c i r e n t  of 
competitive a b i l i t y ,  a8 iadlcrtad by tbr proportion of 
nodulrr f o r m 4  by tbr inooulant r t r r i n ,  tba  re leo t ion  
prerrur* can be incr8rr.d. In t h e  previoua r t u  i ea  i n  
glaarbou8@, tbe  w j o r i t y  of tbe r t r r i n r  i80lat.d ?om big 
pink nodular brve turned out t o  be e f f m t i v e  and id not 
from well rapr r r tod  r l t e a .  
I d i f f e r  a i g n i f i c m t l y  from each otber even when e o l l a a t d  
In  f i e l d  aonbi t ionr  a t  XCRISAT only 2 out o f  11 trir lr  
oondocted r ince  1976 have abom r i g n i t  Jumt fnarorper in  
g ra in  y ie ld  with my inoculant r t r r i n o  a 1 Twro  2 
t r i r l r  ware conductad i n  f i e l d a  v j t b  lor na t ive  g o p u l ~ t i o n r  
of chickpea rh i robi r .  Bwrr+r  a t o t a l  of 7 t r i a l 8  wta 
conducted i n  f i e l d 8  ki th  (100 rh i robla  p r  g r o l l .  Frilurr 
t o  teepond t o  inoculation oould bare been due t o  i) mot1 I 
k i n g  bigb enough t o  w e t  crop d e u n d ,  i i) r t t r i n r  not  being 
competitive w i t h  na t ive  r o i l  f l o r a r  iil) nat ive  a t r r i n a  
being a r  e f f e c t i v e  a r  the i n w u l r n t  r t f r i n r ,  or i v )  rh i rob i r  
not e r t r b l i r b i n g  i n  ro i l  bocrura uf aoae #o i l  f r c t o r t a ) .  Wo 
need t o  review a l l  out  previour t r i r l a  in  detail.  
I n  poninrular India chickpcrr ir u ru r l l y  grown on 
Ve r t i r o l r  w i t h  re r idoal  m i r t u r e  and gener r l ly  brvo >&000 
rh i robia  par g r o i l .  Bocb r t o d i e r  h o e  not k e n  ronr(4ng 
in  d i f f e r e n t i a t i n g  k t r r r e n  r t r r i n r ,  r o  In 1981-02 m 
departed f r o .  t h i r  p r ac t i c e  t o  enable ur  t o  e r ra ina  tbe 
performanee of r t r e l n a  under lor I condition8 and with lpw 
na t ive  popu2ationr. 
w* candocted I f i e l d  t r i a l 8  incltiaing our AICPIP 
ctnrritmmt i n  f i e l d  4 Tba f ie ld  WE-4 war abmn 
k u u m  of i t8 lor nitrogen a t a t u s  and low .hi.aallll 8ta tua  
(<I0 rhi .obia/gru).  Tbo reif nitr0g.a U 8 8  drp1et.d by 
gcoring a u i r e  crop h t m n  Jo1 ud Oetokr X98l and tbr 
pooled roil umpl* uf tb. doze f i r a d  (a1.0 "red for 
I .p . t irnta  2 and 3 k lw)  w th 
chrwtarf.tioar i), <2.5 pp, pE 6.3, #: C0.15 R '"""k3 .boa/
(m 150 micro S i m n e )  r m f o r t ~ ~ k l y  th @ % ~ t  ~ W t h  *&I f not uniformr Mb, while the arm rabmqwnt y #om t o  
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Lzparlwnt 2 9r.r qood miso, that r u m  to llzperirat 1 and 
3 r r  poor tho# poaribly falling to ad-ately redoc* t k  
aorilrble 1 i n  tbe #oil. 
Thir osperiwnt n r  bred on tho AICPIP (All India 
Cwrdtnrtrd Pulre fmprovewnt Project) rcrmning trirl which 
nominated 15 rtrrinr for inclurion. b.crure n hrd 
infective rbhobir Iron only rig l m t i o n r  (one ;ach), vr 
rub8titut.d witb our own rtrrinr. 
Tbe 15 rtrrinr ured for thtr rtudy 8 5 
effective rtrrina (IC-53, IC-SO, IC-76, fC-94 and IC-149) 
rnd one ineffective (ZC-6) irolrted at ICPI~ATJ 2 affective 
ovarrear rtrrinr (IC-2002 and IC-2072) 1 1 rtreptorycin 
rarirtant mutant of XC-2002 (a-1) 1 and 6 *strain8 
rscommendad by AICPIP from Xnbian reresrcb mntrar (B-1, 
Ca-181, CBB-32, CB-777, ?-6 and KG-311, Wo r h o  included 
l irrAL inoculrnt wbicb contained mixture of three rtrains 
(!PAL-480, TAL-620 m d  TAL-1148) . EOon inoculrtd and urea 
applied (150 kg Whrl control8 were t e r t d  with tba locally 
adopted aultivrr Annigeti. 
Tbe roil rrr cultivated and for- into beds with 
aentrer 1.5 r aprt. b c b  plot oonrirtad of 6 m .x 4 rowa 
mm on one bod. A pre-mowing Irrigation wrr given on 20 
Octobar 1981. The 8owinq war rube on 1st Mooember, 1981 in 
R3C1-4 In r rrndomired block barign. A rubrequest irrigation 
r h d u l e  involved rpprosiutaly 25 cm irrigation8 with 
*parfog piper rt 21, 40, 52, 64r 79 and 89 dryr. When urea 
wrr applied it war banded into rhrllow furrow8 at the side 
of tbe plant rootr in equal do888 of  75 kg U / b r  a t  21 and 39 
drys after rowing, 
Tb8 inoculant urod generally contrind at leart 10' 
rbirobia/9, witb the exception o f  fC-6 (T&ble 171, and mat 
mad. actually r w e i v d  >lC rhirobia/re.d. Mdulation war 
.ruinad 20 and 45 &ya attor rowlag. On both &ym in mpite 
of irrigation a t  23 &p. and 40 day#, the percentage of 
nodoutad plaata *u lor (Table 18). At 20 &ys none of tbe  
trutmentr aodotatd better t&n tbe control. Altboogb over 
half -re auprior  .t 45 day8 (Table 19) wdsle nollkra cnre 
la. T b  a-e of aignifi-t ditferencea i n  top ueigbt 
k t m n  noninocuLt.6 control8 ud 8 t r . b ~  (Tabla 
9 )  i~ only l lieable in  term of the a p p r r t l y  poor 
prwtb of prev "P m8 ~ i f o ? n i t ~  crop 4n thlr part of the field 
tb. p.rh.p. luv iaq  more reaidul nitr-n for tb. 
ahtclp.. 
~t 113 bryl, t o t a l  dry wttet ptob~etion and 
yield wre ma8or.d (V&ble 2 Trutamtr La tk ltrt 
co3ma have h n  rankad tn order Cot dry r t t r r  rodwtioa. 
with the notable exeaption of u r u  rbiab ol-r fa .outd 
dry u t t e r  production over grain yield, r ~ k i m g a  Q b rtrrtnr 
n r r  not different .  Strain XC 2002 (IQ 3809 ex - I to thutd ,  
I C C  1192 ax-Aurtralia) rmkM f i r r t  i n  grain yield and d t  
u t t e r  1 C 4 ,  and IC-2072 tanked below the control, rltboog f; 
IC-2072 wrr e r p c t e d  t o  k effect ive on tb8  brrir of our 
previoua pot t ea t  in January 1980. 
Btcause of the goor i n i t i a l  ndlulation obrrervd a t  20 
dry., 10 plant. were uprooted frpm eaoh repliart ion of  maah 
treatment on the following dry. *?ton the 40 plant8 tbe r e d  
cor t r  and cotyledon8 were reparatad, b u l k d  and rhaken i n  
a t c r i l i r ed  tap water from which r l iquotr  of a r e r i a l  
di lut ion re r i a r  were ured t o  provide m NP# e r t i u t e  of t be  
rhirobia on cotyledon8 and reed coatr. T b r e  n r u  clear1 
a t i l l  f a i r l y  large norb.rr of rhirobir adh*rinp t o  tbr re J 
coat and cotyledonr (Table 17) ro  tbat  poor nodolation wrr 
not due t o  lack of inoculum. 
A 8imSlrr t r i a l  war conduct4 undor AXCPXP a t  13 
di f ferent  locationr i n  tbe country including ICRIBAT Center. 
fnoculrntr for a l l  tbe 15 propored a t t r i n r  o r  a l l  tbe 
locrtionr -re prepared a t  XCRIsAT uring 91- irradiated 
peat, from Au8trali8, a8 8 carr ier .  A l l  tho r t r a in r  
q u a l i f i d  a l l  the tequi r i te  t e r t r  before h i n g  urd a r  
inoculant. ?our (IC-59, IC-94, IC-2002 a d  IC-2072) o f  the 
15 r t r a in r  were contributed by ICR18AT. Berider there four, 
r t r a in s  CH-1 and IC-2018 were a180 8u l i ed  on r8 8 A t  
ICRISAT, we included four w r a  r t r r  7 n r  (Tabla P" 7) baridam 
tborc agreed by AICPIP. Btrrinr RC3 (Dboli), W-34, W-90 (Durgapura) and E-44 (Jrbalpur) tbougb agreed for inclurion 
by AICPIP were not u r d  a t  ICRIBAT b c r u r e  they did not 
nodulate chickpea during ruthantication t e r t r  theugh t h e  
inoculante for tbera r t r a in r  wre provided by t be  rource. 
S t a t i r t i c a l l y  mrlyred data w r e  available only Iton 6 
of tbe 13 locationr where this t r i a l  war oondtaatd. #on8 of 
the 15 r t r a in r  occur rd  i n  t h e  fop 5 pari t ionr a t  a l l  the 
rir locations. IC-94 and IC-2072 wcurred i n  tog S w r i t i o n  
a t  two of 6 locationr and IC-59 and IC-2002 a t  one location 
each. On an average, r t r a in r  IC-59, IC-94 ramultd i n  
1 4 . 2 ,  11.64 incrcara i n  grain yield. , Tbe &ta  a re  
r u m r f o e d  i n  appendix 1. 
Imir experiment, v i t b  tba u w  derign and ocearlonrl 
d i f i c a t i o n r  of rrtrrin and cul t ivar ,  ha8 been curried out, 
a t  a number of ICAB c m t r e r  i n  India for, rt laart la8t 6 
para .  A t  ICIIBAT Center t h i r  h.8 k m  canduoLed for 4 
yrrtr on Vertirol rojIr and no rignitiornt yield or 
nodolation rerponaer bare been wrrorrd (Trblr 21). In 
1981-I2 tbe trcr-ntr rown in Alflrol field Kg-4 uera r8 
followlt 
Anniger 1 XC-76 
8019 9-3 X a-4s 
R-850 F-75 
Controlrr - noninoculrtd 
- noninoculatcrd + urea 
(150 kg/ha) 
In contrrrt to the norm1 AICPIP drripn of r rplit plot 
tbr etperimt wro #own r8 8 rrndmired block. An Alfirol 
roil war ( R C E - 0  relected, ar in experiment 1, to allow 
rxprerrion of tbe objective of the rtperiwnt v i z . ,  to rre 
whether tbere was an interaction btwsen rtrain and host. 
Clearly thir 0 m r t  likely to be erprerrd where othar 
rtrrinr rrr abrrnt and whrrr roil nitrogen levelr 
are low. 
Tb8 etprrinnt war rorn on 1 loveaber 1981. Inocula 
tor the rtudy were prepred at ICRISAT in rterilitrd peat 
carrier and forwarded to a11 collrborating centrer in India. 
411 inoculr contrind >lo' rhirobia/pram. Tbe sowing war 
m d e  on bed$ with centrer at 1.5 n 88 in lrpcriunt 1. 
lowever tbere plotr of 4 row8 were 10 rtter loag. 
The followinp obretvationr rrre made : 
20 dry6 proport ion of plant8 nodu lated, nodulat ion 
45 day8 proportion of plrntr nodulated, nodulation 
74 drys detr 1l.d rrrurenntr of nodule, nodule 
weiqbt, nitrogenare activity and top 
dry rrigbt of .,plant8 rrrured on 
0.6 rp.a/plot whicb included 12-27 
( r a n  20) plant@. 
R-uptake on a 1.2 rq. B y e a  
final hrrvert of grain and total dry 
ritter. 
A t  20 day8 4ft.r rowing, rben .oat  nadrl88 an chickpa 
qroun on Vartirolr are tarmad, nodulrtion war poor (Table 21 
and 23). With tb beat #trainr I-49, on tha mat 
prolifically nodulatinp cultivar, I-850, only 348 of  plmtr 
carried nodulss. Tbs control plant8 w r e  virtually free of 
noduleo and nodulat'ion with IC-76 war no k t t 8 r  than the 
control (Table 2 3 ) .  A t  22 dryr cotylrdonr from plrntr were 
rsmvad and the number of rurviving rhisobir b'eterrinob 
(Table 2 4 ) .  As in the prevfour exmrinnt tbero w r a  rtill 
a t  leaat 900 rhitobia re8ent"p.r 8m.d aftor 2 2 d a y  
although t h e m  had declin ftm tbo inoculur rvrilrblo at 
sowing. 
e l  
The nodul~r f o r m  after irrigation were on 
epicotyl roote which vere not evident at 20 dayr. 
witbout inoculation nodulatlon war nevar more than S I  
even at 70 day8 (Table 22) .  A t  20 dryr 8-43 w r r  the m a t  
.uccer8ful strain and IC-76 the laart, and thir ranking 
continued throughout the 3 rraplingr. By 70 dry8 row 
corbinatione were still  <80Q nodulat~d. O f  the 3 uultivrrr 
BDN 9 - 3 .  was generally tb. m r t  poorly nodulated but tbo 
magnitude of the difforancer war not great. 
f t  i a  tempting to aurociate the ruperiority of 8-45 
with its fa~ter growth in culture, and hence more rapid 
colonization, compared with the rlower growing IC-76. 
It was also concluded that the improv.4 nodulatlon at 
45 days wre the rerult o f  an irrigation at 21 dry8 but thir 
ntedc to be further eurained, 
The data collected at 74 day8 have been rxaainod on 
plant and area baser, The failure of control8 to nobulrte 
clearly inglcateo that t b e  rite wao ruitable for 8uch an 
experiment. The port rignificant point ir that while 
significant treatment tffecto vere mearured on all 
nodulation criteria on both plant and rrer barer and on 
specific activity there war never any rignfficmt 
interaction h t m a n  b r t  rnd (Trbler 25, 26, 27 
and 28).  The cv It-850 carrid more nodule8 (Table 251, 
wbicb weigbd more (Table 26) and gave bigbar nitrogenare 
activity (Table 28) tbrn the other two cultivrrr when ringle 
plants vere examind. Bimilar rsrultr wsre obtain& on an 
area )ULIII. 
Tbge superiority of 8-45 8nb F-75 Over IC-76 -8 
conairtent for nodule nunber and ndula weight on botb plant 
and area bai. but only a-45 m u  8uperior i n  is- f i rr t fon,  
and then only wbrn ermined an an area ba8i.. 16.vr)rtb8le88, 
there was a conriatent ranking of 11-45, P-75 .nd IC-76 in 
a l l  critetia. In contrart, tbe rpcific activity of ZC-76 
nodule. war greater than the other two etrainr (Table 27) 
ubilo there were difference8 betwen cultivrrr. Thim czould 
k, due t o  the fact  that nodular of IC-76 -re younqcsr 
they could bm torwd l a t e r  tb.a 11-15 and ?-75. tbi@ 
ir rtr8npth.n.d by t h e  fact  tbrt tbe prrin yield8 of ?-75 
and IC-76 were m i l r  I n  dry u t t e r  yield8 r t  74 dag. (Table 29)  t h e  e f f w t r  of lack of nodulrtion and of nitrogen 
appliortion n r e  dramatic and r i gn i l l cmt .  Under t h e  given 
r r p r r i r n t a l  condition., 8-15 war r r lgn t f imnt ly  bet ter  
# t ra in  than IC-76 on botb indiridoal plant and area &area. 
Burpriringly tb. dry u t t e r  production of I(-850 war no 
better tbrn of the otbrr cu l t i v r r r ,  ei ther  rr r lngle plant8 
or on an area brrir (Table 29) i n  contrart  t o  i t8 
nodulation p e r i o r m c a  (Table8 25,26 m d  27).  Altbough t he  
prrcentapr I i n  the tope a t  74 drys war conrirtent between 
e t r r i n r  and cu l t lvar r  (Table 30) the product of ield/ha r 8 IN ( i e  l yleld/br) war AnnigerirUDU 9-311-850 8 :  6836831. 
A t  92 d a y  a r n l l  4r.a war rampled for r r t i aa t ion  of 
dry u t t e r  production and W-uptake. Bta t i r t ica l  ah4lyrcr 
vrre not porr ibl r  (Table 31) becaure of  heterogeneity of 
vari&ncer. lur tber ,  the aplwrent rucce.8 of IC-76 and 
Annigeri even being ruperior t o  tba urea treatment doer not 
rgroa w i t h  obrervrtionr, noter and photograph8 a t  other 
dater ruggrating tht r o w  confueion har occurred i n  the 
rampling. Rerultr of both dry u t t e r  and N-uptake of BDI 
9-3 m d  1-850 confirm the poor ranking of IC-76 prtviourly 
dwlerved. 
A t  110 dayr d ry  u t t e r  production and grain' yields 
8bK)w.d rimilar trend8 a8 far  nodulation and I,-fixation 
( lbbla 32).  f-850 urr ranked f i r r t  among the  cul t ivars  
although not r ignif icant ly  ruperior. Among 
r t r a in r  8-45 ranked f i r r t  and IC-76 laat .  Tbe differencer 
between #train8 were not r ignif icant  but 1 1  s t ra ins  
e~ceedad tbe noninoculatd control. 
Correlation8 htwen N I - f  ixrtion and yield of 
inoculated t r e a t m t r  a t  74 dryr  rare  a l l  of the order of 
0,63 - 0.66 and the I -fixation parametera were 
r ignif icantly correlated v i tb  f ina l  grain y ie ld  a t  0.57-0.61 (Table 33). Clearly, bomver, pucb of tbe var iab i l i ty  ia  
doe t o  factor8 otber than nodulation (Il-uptake ?) and thi .  
i8 er8aplifi .d by tb8 lack o f  growth rerponrs of R-850 a t  74 
dryr Inrpi te  of it8 ruperior nodulation. 
Percent N in tbe grain war rignifil?antly d i f fe ren t  
betmen c u l t i ~ r ~  and inoculation treatment., again witbout 
r ignif icant  interaction b e  3 4  The exprearion of there 
ramultr i n  t e r m  of protein (Tabla 35) i l l a r t r a t e8  very 
c l w r l y  tht while cu l t i v r r r  can d i f fe r  in protein 
t h e  actual percentage can be markably affected 
reg-. Thur @election for protein content 
i 8  only pract ical  by ranking of  var ie t ie r  t e r t d  under the 
~ i m  uonditiona, 
T h  .u, trial with .#r a- i a  ou l t ln t r  from ate 
raphim1 m e  t o  ~ % t  8 candwtod a t 1 4  loortimu 
inc udhg 1C118hT curtet. One o f  tk r t r i l n r  i n  thlr trlrl q-! 
-8 from I C R X ~ T  - SC-76. R18ultc n t e  r v r i l a b h  tram rewa 
locrtiona and intetrct ionr rnro r l p n l f i a u r t  only a t  tro 
(Jabalput, Vlrmar i )  of the@@ lolertima. Treatnrtr 
differad r ipn l f ican t ly  a t  r i a  l ~ t i ~ n r *  Witb tba b a t  
combination of cu l t iv r r  t b r  Inctarre i n  grain yiald due t o  
IC-76 ranged from 0.56 t o  42.98 a t  d i f fe ren t  lwatlonr with 
di f fe ren t  c u l t l v r r r .  T k  r e r u l t r  r t e  r o r r r l 8 d  i n  rgp.ndlr 
2 .  
D. RBIWBIUR INOCULATION 8TUDfgB 
A number of t h ~  plraticide-free Vertirol  fleldm a t  th 
routb end of  ICRIBAT Center r r e  known t o  brve b a n  f ree  of 
c b l c k p ~  for the 10 year8 of ICRIBAT'r prrronor. I t  rl 
expected tha t  nunbrrr vould ba low and that 
inoculrt ion terponrer my well be found. 8uab f ie ld8 
conr t i t u t e  a para l le l  v i th  f a r r r ' r  t i e l d r  nor bring rom t o  
cbickpa for t h e  f i r r t  tin. 
Fie ld  0U8 111 war cho8.n r f t e r  tbe population of 
rhirobia war found ' t o  be 48 prr g r o i l .  Tbr r r g l r l r n t  
co riaad 10 t ap l i c r t e r  of 2 t r e r t n n t r  inoculated and 
non 'P n o c u l a t d .  6eedr vrre inoculsted v i tb  r mat oulture of 
IC-76 and were hand wwn in to  f l a t  land i n  row8 each 30 am 
apar t  w i t h  10 cm rprcing on 2 Ilovem&r 1981. On eaeb of  
following four occrnionr a r t t i p  of plantr  coverin 9 r o w  
near tbe end of tbe  plot  war r e w v d  for a r r r  nation of 
nodulat im a d  i , - f ix r t ion .  
1 
Dayr a f t e r  MI of plant8 
roving e x r n f n d  
Tbe final b.rve8t war u d r  on 22nd January 1982 a t  114 
drpr Cra 7 row of lenpthr k t m n  5.2 to 5.7 m ( a r u  
h8rvert.d 110.92 to 11.97 a'). mch aa.ptiyl v88 reparated 
f r a  tbe next by a t  leart one plant in the row. 
Tbe periodic nodulrtlon obaervationr u d e  between 19 
and 76 dayr after rowing arc presented in Table8 36 m d  
tbore for #hoot might and R-uptake between 19 and 74 dayr 
in Table 37. Nodule nuaber, nodule veigbt and nitrogenrst 
activity clearly rhwcd an inoculation rerponme (Table 36). 
Plant growth follomd an expected trend with a maxirun at 74 
dayr (Table 37 and 38), by which time nitrogenuc activity 
had certainly declined (Table 3 6 ) .  N uptake per plant rlro 
increared to 74 dayr (Table 37) .  Tba decline in t# the 
shoot after 40 day6 &grew3 with the evidence of decline in 
acetylene reduction (Table 361. Total dry matter production 
and N uptake a t  74 d r y 8  were rignificrntly improved by 
inoculrtion (Table 38). Virual rrtingr at about 65 days, by 
officer8 not familiar with the plan, eonristently ranked the 
growth of the inoculated plot8 above or not larr than, t h o ~ t  
noninoculated but this war not reflected in any significant 
difference8 at final harvert (Table 3 8 ) .  
We arnually picked Raliothfr larvae from all the plots 
ftor 30 days until r week before harvest and taoovtd about 
17000 larvae from the trial* Derpite this effort 334 pod8 
*re damaged - (31f;l.O and 34.2~2.48 pods were rcrpectively 
brnrged in noninoculated and inoculated plots). Taking the 
damage i n  account the grain yield was increa6cd by 13a with 
hoculatlon but thir war #till not significantly auperior to 
tbe noninoculated control (Table 393. 
In experiment8 1 and 2 reported in Section C above, 
pat-barred inoculant war applied to the seed by tbe 
traditional rstbod uring methyl cellulose ae an adhesive. 
In tbe Alfirol roil of RCI-4, where roil moisture cbange~ 
are 80 rapid, poor early nadulation was apcribd to the 
failure of rhizobia to migrate to tbe root although there 
r 8  sufficient moirturc for germination. A field erperimnt 
uring rtrain IC-76 and cv. Annigetri was therefore derigned 
to emmine thir hypotheair w i n g  the folloving treatnntrr 
1. Traditional r e d  inoculation with adbeaiva 
(2.56 kg inoculant/ha i.t. approximately 15 
timer the recommended rate) 
3. Granular i n w u l m t  i.e. p.t iaoouknt -lid 
t o  rand a8 r cafriet (4.8 g 1nwu1rnt yt kg 
2-4 D 41rm rand applied to  toriba 3.1 kg 
inooulant/br) rnd placed be P ow the r e d ,  
4. biquid inwulrnt L a .  pert inoculrnt rurpendd 
i n  water and poured on redr  r f t e r  rowing 
(1 g i nwul rn t / l i t r*  water applied t o  proride 
2.67 kg inoculrnt/bre About 3 1 inwulrnt  
euepnrion war ua.6 p r  plot of 7 m r 1.3 8)  
5. Suitable control8 v i s e ,  untteatad reed, 
untrertod eeod + liquid and u n t r e r t d  aced 
+ i r r igat ion* 
The e s t i n t e d  numberr of rhitobir applied r r e d  (bared on r pert inoculrnt con t~ ln inq  10' rhlrobir/q) were 
a@ followrr 
1. Traditional 9.5 r 10: 
2. Granular 1 2  x 10: 
3. Liquid 9.9 x 10' 
The oxperiwnt vLa rown on 27 IQov~nbrr 1981 In RCI-4, 
thr r a m  f ie ld  rr  for txp.rim+nts 1 and 2 on 
r t r r i n  relection. Tbe t r i a l  war.replicrt.d tbree t iu r .  i n  
4 row plo t r  o f  7 metrer length. w i t h  30 r 10 m rprcing, 
Tbe experiment had ta  be irr igated 13 dry# r i te?  rowing 
bocrure adjoining t r i r l a  i n  e f i e l d  urd 8 rinkler 
i r r iga t ion  which covered t h i r  exper innt .  Tbir t r  f r l  wrr 
a100 irrfgatcsd 250 37, 51 and 61 drys a l t e r  rowing. 
Sampling for  nodulation and Ha-fixation war u d e  60 drya 
a f ter  mowing. Final harvest for dry  u t t e r  md grain y i e ld  
war dons 87 dayr a f t e r  rowing. 
Though m o w  plants nodulrted vitb6ut inoculation, 
inwtalrtion r ignif tcant ly  improved tbe  proportion of 
nodula td  plant., and tk man n m k r  of nodule8 
v i tb  a l l  t r e a t m n t r  (Table 40). I n  both @t Fr t e r f r  tbe 
prewnce of moirtur* a r  i r r igat ion or u m inoculmt 
aartler. gava better  r e r ~ l t . ~  but n o d u l ~  n-r, nodole -8 
a d  nitrogenare retivity aiqnif icrnt ly  esawdod tba a m t r o l  
r i t b  l iquid  inoculrnt only. Al u y  reaamably k arpotrd,  
mprcific ac t iv i ty  war not very different k t ~ n  m y  of tk 
t reatmmtr or the  c o ~ t r o l a  (Table 40). m ~ t  tbr rm dry 
wigbt  of p l m t  tapr a t  (0 &p r i p n f f i u n t l y  incru8.d 
by t r r t n n t r  rewiring water a8 i r r i ga t i on  or rr pa r t  of 
inoculur oorrr relevant clontrola (Table 411, t b e  only 
8saeptioa k i a g  thr l i q o i d  laoctalant. By t h  f i n a l  barreat 
no trmtwnt shard akqnificant  reaponaer L e i t k r  dr 
u t t e r  8 d  prrin ,  altbougb tbe l iqu id  and irfi9.t J 
t r e a t w n t r  were &g&in ranked bigbeat. robtale number, nodtlh 
m i g h t  and i r - f i r a t i o n  uere 411 correla ted v i t b  gra in  y ie ld  (Table 42) .  Tbr f a i r l y  conria tent  ruper lo r i ty  of tb. l lpu id  
inoculrnt ,  and of t h e  normal inoculrnt w i t b  i r r i g a t i o n  lenda 
r o r  rupgort t o  th. hypotbe8ia t h a t  colonisat ion by ,the 
rh i robi r  ir improvad by tbe  pference of l iqu id  which 
p r e r u n b l y  reoul t8  i n  more rhirobia  being 8va i l .b le  for  
infection8 awry from the  reed coat. mile i t  ir a180 
porriblr o f  courre t b r t  r u r v i v r l  of t h e  rb i robi r  ir improved 
by t h e  prerenee of  rddd ao i r t u r e ,  t b e  low nodulrtion (56W 
of plant8 n o d u l r t d  by pranulrr  inoculrnt i n  r p i t e  of t h e  
h i g h e r t  inooulrt ion r a t e@,  mupportr the  f o r r r  pos r ib i l l t y .  
Tbs r r t e a  of inoculation i n  t h i r  a x p r r i n n t  w r e  of t h e  
order of about 15% normal ra te ,  and provided about l o 7  
rh i tobi r / reed ,  but no trsatrwhnt achieved 1008 nodulation, 
Zb* r e r u l t r  of tb. prer iour  a r p e r i w n t  ruggretrd t ha t  
poor nodulr t ion i n  Alfi8ole could reeu l t  f r o r  t h e  i n a b i l i t y  
of i n ~ c u l r  to  migrate i n  the rbrence of m i r t u r e ,  Thir  
a rpe r f r rn t  w.8 de8ign.d t o  provide r range of m i r t u r t  
regiwr erprrctm9 t o  be adequate for r e d  germination but 
d i f f e m n t i r l l y  a f fec t ing  t h e  migration of rhicobia froa t h e  
8md. 
l!$m pot ctudy wrr c o n c e d  i n  February 1982. Potr of 
7' d i rne t e r  -re fi1l.d witb A l f i r o l  so i l  d i r e c t  f r o r  f i e l d  
RCB-4, which -8 known t o  ca r ry  a low t4d/g moil) population 
of chickper rh i t ob i r .  boiled deionited water war used for 
i r r i g a t i o n  t o  about 19% moisture by we igh t  ( f i e l d  capacity 
app rox$ r t* ly  201) by weight tb'rough ruuccrs placed a t  tbe 
b.88 of t b e  pot* 
A t  t h e  r t 4 r t  of tb. experiment, four r ep l i c a t e  retr o f  
pot8 were rrterd 7, 5, 3 and 1 day before rowing w i t h  
a o 1 t i v r t  (Llaigeri. ?our mad8 were .om per pot a f t q r  
iaoculetloa by traditim.1 H.6 inoculation, or by pau~ing 5 
a1 l iqaib (peat #uap.nrrion) on each m d  a t  awing .  ~ v o  
inoculmt atrain. 1C-76 and H-45 were used repar r te ly .  lo 
r t a r i a q  ru done for 15 dam a f t e r  8orinp and the pot. vere 
rub-ntly waterad 5 t i r r  during plant qrowth p r r i ad  v ia  
tb. nhg . ts .  Moiltore percent by r i p b t  -8 u m u r d  
freqwntly and i m  gi- in Cigur* 2. Tb. initial  #tar- 
r r  &lam to t& polat d . r *  plant* were .ore mmmb 
rtrerred than intended. 1 1  tepliater of t r u t m a t r  
metbPbr r 2 #train8 WNJ 1 aaatr@l) wt'e 
randomirod in block# o o p r i a b q  aao r t a r i n q  pati T1rtolp . me 
esperirnt m a  hrverted at 30 day8 r k n  the proportion of 
plantr nodulrtdr nodulr n w b r  and frerb l rnt  mi htr wre 
initial mirture contentrt 
i r u o r e d .  Ttm u8r of d*l@ycld rowing ptorl rd th. ? olloring 
1 dry 15.3a 
3 dirp l l e 8 Q  
5 day8 7.6a 
7 dry8 5.48 
The erper iwntal layout, uring wrt~ring a t e  rr w i n  
plotr and rrnboriring the rtrrin x umtbod trertrmtr, bid 
not readily lend itrelf to a conprriron of tho 8eparrta 
strain or method trertmntr psrbrpr bcrure of axbarrive 
drying before watering aould be rtrrted and low noirture 
later on. Bowever at 30 day8 the liquid trertnnt w i t h  both 
rt rainr gave oignif icrntly greater proportion of plantr 
nodu1rt.d (Table 43 )  and .ore nobul88 pcrr plant (Table 44A) 
than normal reed inoculrtfon. A delay in rowing affected 
t h e  proportion of nodu1at.d plant8 but did not conrirtrntly 
af fec t  nodule number (Trbler 43 and 44A) .  Tbe rbrmoe of 
rignificant effect8 of delayed rowing on plant growth (Table 
44B) war not rurpririnq rr plant8 were only 30 dryr old and 
they had encountered exaerrive mirture atre$$. 
At 30 dry8 after th original irrigation the proportion 
of plantr nodulated war variable. 8-45 r e e m  to be 
conriatently 8uprrior to IC-76. Tbir rerult r o6mparrble 
w i t h  tbrt in Experiment 2. Tba e tpc t ed  rupriotity of  
liquid inoculmt over a n d  inoculation ir generally evident 
but not aIwayr a t  a l l  wirture level#. 
&J in the previour field erperiennt, inoualrtion rater 
for 8 8 9  m r e  high. The liquid inoculum p r w l d d  b t m n  
3.4 r 10 (IC-76) md I r O  r 10 (8-45) pet reed. Tbo 
normally inoculated red. in our* e x p r i w n t r  oclrty >1O0/reed 
(Table 17) and hence tha treatnntr are quite corprrable. 
1, Cultivar 1-850 war rlgnificantly ruptrior to Anniqeri 
for nodule n u a t ,  nodule u r r  and nitropen fixation 
p e r  plant whetbcr they w r t  morn on flat b d r ,  nidger 
or broad M r  with and vitbout mulch. ?or plant growth 
a t  different rtager and dryutter at final harvert 
A-850 had an ed e over Annigeri but the difference8 
were not rignif 1 cant. Tbougb hnnigcri produced aore 
grrinr than K-850 which might have rutfered due to i t 8  
~ d i w l l  wturitp rr it enter8 into unfavourable wi8turt 
and environmental condition8 while atill podding. 
2. Wobule number, nodule n r r  and nitrogenare activity 
declined after 54 day8 rampling. Drop in nftrogenart 
activity war drrrtic might obviourly be due to 
dev+logrrnt of a mre comptitive rink - t h e  f l owr  
m d  pobr. 
3. Upto 41 dry. no rignificrnt difference8 in m u l e  
nu*?, nodule nrr due to different type8 of land 
preparrtionr m r e  noticed. After 59 dry8 plmtr-on 
mulchad broad k d 8  were better nodulated followed by 
flat, broad bed m d  rid +re Burpriain l y .  nitr enaet 
activity of R-850 war 8 f gnificantly in 1 etior onylat 
bed8 rr oorplrod to other land treatment8 but war rtill 
ruperior to Annigeri which rbowd ~ s i r u m  activity wben 
mown on flat W e .  
1. In Vertirolr, chickpsrr r o m  a t  10 cr depth bad rboot 
38a lerr nodule nulrbcr rnd 528 lees nodule rrra than 
thore @om at 5 CB deptb. Plant8 from 10 c8 rowing8 
rlro f o r d  epicotyl noduler. Tbir uork #sew to have 
raletranee in Vertjrol roil# where at leart 904 of the 
nodule. are f o r m  in top'15 CD profile. 
5. Hodlrle nombtr. nodule u r r  and nitrogenam activity 
dw1in.d by about 26, 33 and 27* rerpwtively in 30 day 
old plmts eatpod to 24 b day lengtb' for 16 dayr 
(from day 14 to day 29). A t  50 day8 plant. expored to 
ertemded dry treatment bad 37, 63 and 878 lerr nodule 
n-r, nodule w r  m n d  nitrogenare activity 
rwp.ctirely. By t h h  .tape t h y  had been expomd t o  
astrr i tgb t  for 30 daym ( f r a  day 14 to b y  43 after 
ming). 
6. O f  tb three cultivrrr, Annigeri, L-SSO urd 6-130 under 
mrvl and @steaded &y length, hnigeri had 
rignificrntly more nodole n w k r .  u 8 0  ud nitr0gr;mra 
activity at 30 drpr  rffrr rovinq, 
7, Deateaae in modulation, Ir-f 
war obeetved wbn the plantr wore ex 
inererring roil t e q u r r t u t e  t.gi-8 
6.y 7 to d r y  47 rCter aowlng. A t  
rlgnificuit effect8 -re oeen only on nit? enr8a 
activity when the plant8 w r e  erpoaed to d i  7 tet~ntlrl 
roil temprrtuter for 6 bay8 from day 46 to dr  51 
after rowing. At rimilrr regime8 ri niflaant a Iwtr f r were reen only on nitrogenam+ w t i v  ty wbsrn tbe plant8 
were exposed to differential roil tempmrrtur.8 for 6 
d a m  from day 46 to day 5 1  rftet raring, 
8 .  40 #train8 ware obtained f ror the nodule. 
forrrad rt vrriour temperature8 of which 16 are Cror 
pink green nodule8 iotnd rt high and very h i  h 
temperature repiwr. th erpct that theme rh ! tobia 
will be effective in nltrergen fixrtion at hi~her 
terpcbrrturer which need to be terted, 
9. Intercropping of chickpea with rorgbur reru1t.d in S9, 
56 and. 59q becrerre in nodule number, nodule n r r  and 
nltrogenrre rctivlty per unit area bari8 rerpwMvely. 
10, Cultivrrr K-850 and C-130 identified rr high and low 
for nitrogen fixrtion by aoetylene reduction twhniqur 
were a180 high and low Ma-fixing by 'k  technique. The 
percent fertilizer utiliration etficiancy war (38 and 
thir raiaer 8 concern on tbr, umefulnemr of ' ' W  
technique for cropr grown on. reoidurl moirture. '19 
technique can certainly be u8.8 for ranking oultivrr8 
for nitrogen fixrtion. 
1. To narure nitrogen fixation by chickper in the fi+ld 
2. To determine the nutr itionawl and envi ronnntal 
factota limiting nobulrtion and nitrogen fixrtion 
3, To determine the arountr of fixed nitrogen rub* 
available to rubrequent crop.. 
T t of tb. ms)I m t b i r  projmt L a  d tb. 8 ~ t t l . ~  reduct M (AI) twhniqaa  for r u u r e m n t  of n i t r o p . ~ m e  
ac t i v i t y .  N w  mcbnlque 4. emwnt ta l ly  r8prt.d by Dart  
U U ,  &$Me 43atalrg.r plant. grwinq in r given area a r e  
carefu l ly . ,  dug r i t b  urlmw roots  .nd noduler Snuct .  
htcirad r-6 w i t h  n d u l e r  rre plrarrb in  r m t r i n e t  wbicb 
i r  then  crmiu31 sealed and i r  i n  e a t 4  with  acwtylune t o  
acbievr about. f O I  canczantrrtion 1 nat& tbe w n t r i n a r .  The 
cont l iner  $al incubated a t  about 2S°C. A #ample of the * gar  
ir  then  &am &tar 30 minutes and r t o r d  i n  l ptc-.vacurt.d 
g l r r r  t u b e  torcutrinrr)  until i t  i r  mr1ya.d on a gar 
chrormrtograph i n  t h e  laboratory.  
( 1 '  
Thi8 tecbnlpue hu k e n  of  graa t  adrantage bMIurr i t  
is quick an4 simple but i tr l lm l t r t i on  ir t h a t  i t  provider 
information on I,-fired r t  a given point  i n  time. 
Our r t u d i e r  on t b i r  pro jec t  rtrrtcrd i n  1976 v i t h  
n r ru rament  on AR of f i v e  cul t ivl r r r  over time. Tba t r i a l  
war r e p e r t d  in! four rubrequent y w r r  r i t b  four c u l t i v a r r .  
The ~ p r t i o n r  4ddrarred w r c  on 1) c o l t i v r r  d l f f c r e ~ e r ,  j i )  
diffrirncer betwen yebrr ,  i t  d iurnal  v ~ r i a b i l t t y ,  i v )  
re r rohr l  v r r i a b i l j t y ,  v)  e f f e c t  of moirturc, v j )  e f f e c t  of 
location, Sa l i en t  f e r t u r e r  of there r t ud i e r  hare bean 
reported by Jtupelr and Dart ( In te rna t iona l  Chickpea 
Worka&opr1980) 4nd i n  ICRfMT Annual report8 o f  1977-78, 
1970-19, 1979-80 and H00-81. 
Mi8 rtudy war conducted i n  co l l rbora t ion  w i t h  Dr. A .  
L. S r i v r r t r v r  of Farming Syr te r r  and Dr. I. P. Srxenr, 
Pulse Phyr io logi r t .  Dr. Sr ivar tavr  wirhed t o  r tody t h e  
e f f e c t  of dif ferent  land preparation t r e r t r s n t r  on the  
Incidence of cracking o f  Vert i ro l  r o i l r  and i t8  e f f e c t  on 
r o i l  h w i o t w r e  a t a t u r .  Dr. W .  P. Gaxsna (Pulse  
Phyriology) wirbod t o  exrminr ttk e f f e c t  of  land t r e r t w n t r  
on plant groutb. Our i n t e r a r t  uar t o  examine t be  e f f e c t  of 
tba  t r e r t w m t r  i n  I , - f ixa t ion .  Tbe treatment# were r e  
followrt 
1, broad M r  and furrows 
Dart, P o J o ,  Day, J and Barrio, D,.1972. A a u y  of 
n i t r  en88r a c t i v i t y  by acetylene r.ductioa. Paq.8 88 
t o  10 "% 10 ure of  i8otop.a for  rttrdy of Pertilia81 
Utilisation by Le$ur+ Cropr. 1- /W, Viannr. 
3, b r a  kdr rdl tuttowr with rtrrr mlob 
3. ridge# urb furr8m 
4. f l r t  
'hso cul t iv8rar  Annigari md r t  our t q U @ # t e  U-ISQ, mrr 
tertod, The berign wrr r rplit plot witb land t t o r t m n t  r r  
tba win plo t ,  Cultivrrr w t e  rom i n  rubplotr 9 rn r 7 r, 
Houemr t b r e  were different nunbat, of  row k t w n  
treatment#. Within row plrn t  rprcing wr mu, in  a i l  
t r r r t m n t a  (10 1 .  broad k d o  w i t h  ontrcr rprord rt 130 
cr arcb carried 4 r a n ,  T h 8 e  row mrr 30 am rprrt but tha 
space between tbe outar row of  eack kd VII $0 an. Ridge8 
were on 60 cr centre8 rad one row war r o w  on crab r ide  of 
ridge 80 t ha t  r l l  tow# were oonrir tent ly  30 am apart, ?lrt 
,owing8 wre r h o  rube v i t b  row 30 cm aprr t .  ?bur the man 
numberr of p l rn t r / a '  were 27.16 for  brordbdr  rnd 33.33 tor 
the other rowingr, # 
The experiment i n  BPI3 var dry 80Ml w i t h  2 made pat 
h i l l  on 2-3 Hovember 19b1, wrtered by apwfo* i r r i  r t i o n  on 
4 Navember 1981 and the p l rn t r  thinned t o  one por b 11 r f t e r  
one week. 
f 
Hodulation and # , - f iar t ion obaervationo wra u d e  on a t  
l e a r t  66 p l r n t r  taken from r nrtrow r t r i p  aarorr  tha and o f  
erch plot  a t  26, 42, 54,  70 and 84 dryr a f t e r  rowing, hch 
rampling r t r i p  war reprrr ted from the negt r t r i p  by r t  lerrt 
one p l rn t .  The mapled r t r t p r  wrre marked by two r t r ing r  
atretched acrorr  8.1 a (22 rowel of tbe broad bod# and 8.4 a 
128 rowr) of the r idge ad Zlrt rowing8 r t  row end#, Tbe 
r t r i n g r  verc 30 c~ a p r r t  but. it war evident trom the 
rrmpling datr  tha t  t l t b u  h the reedr had k m  very 
precire ly  &om on 10 cm I c f nq within the row (oonfir.rd by 
rubrrqurnt count' o f  tE reminder of erch plot) the 
theor i t i ca l ly  expected numb&' of p l rn t r  (e.g, brord Ludr 22 
row8 r 3 plant8 r 66) war great ly  erurrdrd. Tbarr m r e  
c l e r t l y  more than 3 plrntr removed from many r o m  ro that 
tbe e f fec t ive  area war n6t for e~mple  8.1 x 0.3 1, Tha 
c i l cu l r t ion r  made on m a ra r  hrir uring tbe rerult~ frm 
there r t r i p e  were therefor8 derived frol th* r i n q l r  ptrnt 
d. tr  r the t h r o r i t i c r l  n l D k r  of lmtr/n . Tho rrroltr r r r  
rerented in Trblea 45-53. Tb8 f ! nrl h8tve8t a t  117 day 
f o r  dry u t t e r  a d  grrin y ie ld  (Tlble 54) war ud, on rt  
l eaa t  6 B length of the 22 row8 (brordkdr) or 28 row ( f l 8 t  
and ridge&) i n  each plo t  r d  error8 due to ' r tar  mrrurc~nt 
Wet8 l i n i ~ 1 .  
A t  26 &yr there were more nodule8 md r gtmtar nobule 
ri b t  p.r plrnt (Table 4s-40 on #-#I0 tbrn Mnl9rri bat no 
d i t  1 erencsr betwen cultural treatllwntr, On m rrar b r i r  
tbrre rrr8  thur mote nodulrr on tb8 ridq.8 and f l a t  b.d 
obvioooly dar t o  .ore n a h r  of lmtr r unit area (Table 
460 48 ) .  Altboupb Anni eri ha a hi9 er r p w i f i c  ac t iv i ty  I 8 k than I;-850, the l a t t e r  h more dry u t t e r  ptodoctioa per 
plant and per u n i t  area than klnigeri  (Table 52. 53 ) .  
A t  4 1  dayr tb a u p r i o r i t y  of X-810 mr q r u t r r  in 
t e r m  of  nodule nu rb . t ,  nodule might rn4 f i r a t i en  per p l a t  
and for u n i t  area (Table8 45-51). Pbe differenar, i n  
8pocSfic ac t iv i ty  r h i i t e d  i n  favour of  Annfgeri (Table 49) 
but tb. prrriour dlfferencer between Annigeri and R-850 for  
plant #ire and yieldiunlt  area (Table 52, 53) d i 8 a p p r r d .  
By 54 dam ripnif iccnt  difference8 I n  nodule n w k r  
e r e  no longer apparent (Table 45,461 but K-850 r e m i n d  
clearly ruperior i n  nodule ve igb t  in both r ingle plant and 
u n i t  area M8i8 (Table 47,481, The greater popmlation of 
plrntr; on ridge8 and f l a t  rovinqr had not arintaiped any 
greater quantity of nodule per u n i t  area.  Difference8 i n  
rpeci t ic  a ~ t i v i t y  rqrin merged  (Table 49) i n  favour of 
1-850 ro  that  fixation w r r  clearly rupsrior with  R-850 
(Table 50,511. Thfr ouprriority vrr not evident In plant 
r i te  or d t y  matter production per u n i t  arar .  m a  greater 
n u w r  o f  p l rn t r  on ridger and f l r t  rowing8 p e r h a p  rerulted 
i n  greater p l a t  yield p e r  u n i t  srea (Table 52.53) on ridge6 
and f l r t  rowing tban on broad be&. 
A t  69 day8 1-850 again had more nodulca per plant (Table 45) and p@r u n i t  area (Table 461, greater nodule 
weight (Table 47,481; retained l t r  bigb specific r c t i v i t y  (Table 49) 80 that  f ixr t ion wrr greatly r u p r i o r  (Table 
50,511. I lmve r ,  yie ld8 per . plant and per o n i t  area 
favoured Analgeri. Thi8 indicater tbat  Annigeri i 8  ur ing  
t b e  a l t e t r u t e  8ource of  IO, the r o i l  I pool. The t r e a twn t r  
with more plant8 gave 6ignficantly greater top w i g b t  p e r  
u n i e  arar  (Table 52) .  
Tbe ro#ultr a t  82 day8 war a8rential ly r i a i l a r  althoucjh 
nodal. number and weigbtr had declined u r k l d l y  ampecially 
with AMigeri (Table 45-48) for uhicb #pacific ac t iv i ty  (H. 
r l r o  dramtionlly r d u c d  (Table 49) .  
T b  r o p r i o r i t y  o f  Annigeri i n  d ry  u t t e r  production on 
an area ban i8  (Tubla 53) mr a l ro  reflected i n  grain yield 
(Table 54). Tbere ir l i t t l e  doubt tbat  K-850 f i x e d  u c b  
.ore o f  it. om nitrogen than d id  Annigeri but I n e  
p r e n u b l y  not li8iting .nd Annigeri va8 able t o  produoe 
both mra dry w t t e r  rrrd higber y ie ld .  
A t  tbrr f ina l  hrrvert  (Table 54) broad M r  w i t h  m l c b  
resulted i n  significantly poor dry utter yield than a l l  
o t b r  t r w t a m t r  and ridpea ranked krt .  Rankings of grain 
y i e l d  -re i t .  Cu3tivar I-050 produced r i g n i f $ m t l y  
man dry utter t h n  iannigtti but tbir trrnd war revered 
for ((rain y h l d .  Clearly cutnot a 8 c r i k  t he  p r r t e r  
yield o f  Iuaipti t@ b@ttWhnobal&tia .Id ir-fimtim u 
Ahni @ti cltwr iL r.aLa4 lobar thaa R-JM tar d a l a t i o r  and q -i!ution. total d t  ' u t t e r  o f  mi r s i  war l w r a r  d: t than U-850 ubil8 I t  rurCs kr l t e r  t&m 1-8 4 In r l l  mtlirt 
r aq l ingo .  mir aowld k &awe o t  lore leaf La11 i n  
w f g e t i  t&n i n  I-850. Afw,  Annigeri u t u t a r  ea r l i e r  tbur 
K-I50 and aigbt  have r&d leavw for lrrger p a r i d  t b n  
R-%SO 
During r f i e ld  v i a i t  t o  the l t u i t  Raraatab $tation of  
APAU a t  Smgrrddy,  oblokper p1mt.d a t  different  depthr 
ware found t o  brve d i f t e t en t  ndlulrtion, w i t h  the deeper 
plrntingr having poorrt nodulrtion. A8 about 901 o f  the 
chickpea nodule# in Vatti8018 a t  ICRIUT Center are  'found i n  
tho 0-15 can prof i le  b e p o t  planting m y  be erpeated t o  
r e r t r i c t  tba nodulrtion of chickpoa. 
To tert th ia  blpotberim a -11 t r i a l  with two 
cu l t iv r r r  Annigeri and 1-830, war planted on 2 March 1982 a t  
two drpthr, S and 10 ca. ?be t r i a l  war rown in RCb deaign 
with three repliart ionr and plot r h o  o f  4 r r 6 row arch 
30 ca apart i n  f i r l d  BP 13. Wodulation obrarvationr w r e  
made a t  37, 47 and 39 dryr a f te r  rowing on 25-60 plantr. 
Root nodule8 and ep imty l  root ndluler -re recorded 
reprratsly.  
frreapectiva of rowing deptb 811 nodaler oecorred below 
5 ca depth- (Fig.9) ~co that no apieotyl nodule8 foraed on 
reed8 mown at 5 CR. B m v e r  tbay wre f o ~ d  when reed8 
w r e  rom a t  10 or. Il"b. data i n  ?&lea 55-39 are  on to t r l  
treatment biffrrenaer bared on overall  M u l a t i o n  and 
AO,4);ration rrbile t k  p r o g o r t + i o ~ t e  crontribption of  t b e  
epicotyl nodolea to  tk o w r a l l  nodule ryrtea i r  p re ren td  
i n  Table 60. 
Totrl nodale nrurk)rr per plrnt beorerred w i t h  age 
( ~ b l e  55) with botb oultivrrr r l t b o  b tbe  ahngea *.re not 
aigaif icant ud were not reflected "f n nodule weight p r  
plant (Table 56). Caltivar ll-850 8orn a t  S cl, carried 
r ign i f i caa t l  g r r t e r  ncpb.rr and wight  of nobuler t b n  10 i cm uhile r t h  Wn$g@ri, vhtcb wra poorly ndulrted 88 
coq.red to  t-$50, w b  had 1era riteat. BLmILar trend for 
ni t ropenue rotivity p.r plant (Table 3 0  r r 8  r l r o  obr8rr.d 
but tbe activity kc1ln.d with &qe of both cul t ivarr  
r l tboogb tk 6.cJiw uaa 8Lgnitiamtly mrr ra id r i t b  
m i g e r i .  Wbes rctirity mr greateat (.t 37 h!e 'boot 
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w l  hk of  Clotb oaltivarr w t a  cmperiot ritb 3 90 awing J (P 1e 5s) a31 &t.r r t L t  #tivi ty r 
e-need wtlter in  .ft..kDlmr t -4.9. & r tm 
napliaq# a t  47 amd $9 day8 alw 5 s .arm plratr m r e  
better 9tom t b ~  10 em ranr p l m t r .  
'Tk oaly r ignif icaat  Iwtote of  t k  &k on the 
r t io ru l  oontribotion o f  th upitscry1 nobu1.r $8 t ha t  
R-8 ProPo 0 c u t r i d  r grer ter  propotti- of itr adole  norkrr and 
migh t  i n  tbr epicotyl r.giocr8 r p e i a l l y  in tk l a te r  
r r l i w a  (Tablea 6 .  ibr dittetmocr kt -n  t h e  
o u l t i r r r r  war even rore marked in t e r n  of nltrogenare 
rot ivi ty.  By 59 d r p  only 1.31 of Anrigerigr I t - f i r r t i on  
war frorr epiootyl nodolea uhfle tb+e of E-850 csontributad 
51,98 (Table 60). B h i l r r  trend war reen tor rprcif ic 
ac t iv i ty  r l r o ,  
Qnmtitat ively,  th nitrogen f i ra t ion  pet plant i n  
general wra very poor for b t b  cu l t iv r r r  p r t t i a@lar ly  a f t e r  
37 dry umpling. Thir clauld be do8 t o  poor mi8turc  r ta tus  
o f  r o i l  rad r e l r t i w l y  varwr  tnprr8tore t b r n  normal ar the 
t r i a l  r r  #om r t  fag .nd of tbe  proper chickpa  aearon. 
Tbollph tbr r o l l  prof i le  war recMr9.d by r t r r i n g  w i t h  a 
tanker, h f o r e  awing,  i t  rigbt  h t e  d e p l e t d  relatfvaly 
f r r t e r  t b rn  in r n o r u l  p l r a t d  crop. 
hro obviour qmertionr arore from tbere brut  (a)  i n  
th. abrenoe o f  r u f f i c h n t  mairture i n  t h e  tgp 10 cm for 
formtion of nodolea do+r c h i c k ~ a  .deqmrtely eolpr\naate for  
tbe lack of epieotyl nodules by growing them i n  tbe 
o t p l  re  ion, (b) what ir  tbe r ignif icraca of t h e  
uu hT=' t i r r r  d f ffetence evident .  i n  b e  60. Since the 
e r n r i m a t  u88 taken up a t  t k  fa9 wd of chickpea growing 
rmron i n  r e l a t i r r l y  warmer tempraturee tb ezperiment 
rboald k r.p.at.6 urb a l ro  tbr .mmr t o  tb quertionr 
t r i a d  b~ rtterptd. 
th i r  erprrrimnt uar mrrbootod by Dr. I. P. Ikxana, 
P u l u  Phyriologirt. Trmtmmtr w r e  normal MU extended 
drys w i t h  cu l t ivar r  Aanigeri, 0-130, ur4 L-550. ?bey uere 
8oun in ridge8 rad furtorr i n  f i e l d  BP 13 on 27 - t a r  1981 
unQ+r dry coaditiloam and frrigtrtad a 2 la-r 1981. Plot 
r i r e  u u  13 rorr r i t b  rprcing of  30 z 10 a in a split 
plot derlqn r i t b  day l u g t h  8r tk nir, plot8 r b  ett1tIvar 
aa mbplot8. The plot8 a d w  ditfet*nt l ight  rq i -a  were 
H rated by rcrna8 ud the b y  l-tb egtmnded t o  24 b by r 1 W tuag8t.n l ap . ,  8olrg.ab.d 9 w .born proond and 
proridlag 10 lug rt tb plant rrrfm. Lightr uere turned 
on bt-a  6 &m to 6 am f t a  19 -r 1981 wrtf  l 11 
DIccdrr 1981 tor 31 dam. P pRmt grewkh ud otbar 
d e a i b  inclmdiag fin81 y h l d r  plum aickper 
Pby8tolqy Report Of mtk 11#8&-82. k b ~ I 8 t i ~ O  8 w i ~ t h m  
r r  c o n d w t d  on m q l r  o*rriotlag of a l l  plant8 itom r 1.8 
aq.a r r e c  r t  SO and SO dry brmrtr. 
A t  30 day8 Annigrri bd a lgn i f io rn t ly  8 riot hOd01e 
nuaber, nodule wrr and n i t r o p ~ n r r e  r o t i v i t y  "k t m both otb8r 
c u l t i v a r r ,  C-130 and L-550. lomver  it 4180 r u a t o d  1048t 
t o  extended d r y  length rltbough thora u r r  r generrl  trndrnay 
w i t h  a l l  tb tee  c u l t i v c t r  for a l l  nodulrtion 
escept rpecif i c  tctivity t o  drop 'with ertradod (Table 61,621. Shoot n i g h t  per plant  o t  pcrr 
tended r l i g h t l y  i n  the  opporl tr  d i rect ion (Trble 63) . 
A t  50 dry6 c u l t i v r r a  did not d i f f e r  r l pn i f l c rn t ly  i n  
nodule n u w r  or n i g h t  but tbr t r e r t r n t  f u l n d  
s ign i f ican t ly  ruperior i n  n o r n l  dry trmparrture (Table 6 0 .  
Specif ic  a c t i v i t y  war halved a t  normal drylength rnd rduoed 
by about 808 w i t h  extended drylengtb ro  that n i t r  m a r e  
a c t i v i t y  per plant or per rq. me war r h o  reduoad 7 ue t o  
l i g h t  treatment (Table 65) .  In c o n t r r r t  t o  tbe  nodulrtion 
parrmetert, dry r r t t e r  y i r l d r  g m a r r l l y  tendod t o  be more 
w i t h  increrred drylengtb (Thble 66) .  
A 1 8 0  the r ignff  i c r n t l y  greater  top growth of Annig8rf 
a t  30 dayr war not r e t r i n d  by 50 dryr vben I t  war r t  lerrt 
equalled by L-550 '(Tabla 63,661. Tbrrr r eam l i t t l e  
evidence of a control l ing e f f ec t  of plant  growth by 
nodulation pa rawtc r r .  
A t  I C R I ~ T  Center &-f ixat ion in chickprr occur8 only 
upto 40-50 dry8 a f t e t  roving when the  c r o p ' i r  g t o m  under 
r t r i dua l  ro ia tura  condition@ while r t  I i a r r r ,  i n  north 
India, it contin~em Dpto 1S0 &yr a f t e r  rowing (ICRIIUT 
Annual Report, 1982). S h  l eve l r  of f i t r t i o n  r e  only 
25-501 of tbore mrrurrb r t  Bi884r. Bigb r o i l  temperature 
a t  Byderrbad could be o w  rerron for t b r  lor l eve l r  of  
1 -fixation. Betmen roringr i n  rid-Octob8r 8nd 
m ~ d - ~ . ~ c . b . r  i n  1900-01 #o i l  temperature a t  10 rn depth war 
above 30 C for  about 6 b u r r  par &y (e.g. Figure 4 )  . Dart 
a, 1975 found that 30 c wr r l imit ing t m p r a t u r r  for 
nodule t o m t i o n  md 1,-f ixat ion by chickpar under 
control led envi ronunt  condition8 . 
Tbe prerrnt r t d y  ma deri 8.d (8) to 8 a t  t b r  
e f f e c t  of t m p e r r t u r e  on n 4 a h t i o n  t o n  rod on 
popolrtionr i n  tbo r o i l  and (b) t o  rrlwt 
r t r a i n r  ubicb would f ir  n i t rogm a t  tbr h i g h  
tnplrrcrturea. tor thdr purporr We qrew plant# i n  miatate of 
#oi l  from mentrl  figldh r i r d  with mll porntitlea of 
inwulrn t r  o f  cbiokpa  rbi.obia of  a e n r r l  d i t f e n n t  arigin 
i n  pert r Plrntr  w r r  esjmc.6 t o  d i f f e r m t  r o i l  
temperrture trertsrmt a t t a r  r p.tiod of 7 dry8 till tbe 
plrntr  .rrrrgad. Tbir petid of c~0-n t a p e r r t u r e  
environment for a l l  t r . a t n n t  i n  glrrr bouae war provided t o  
f r c i l i t r t e  in fwt ion  procerr b f o r e  th t m t r t o r e  
t r e r t n n t  were i n t r o d u d ,  I t  war bpwd tha t  tb. nodule8 
t h u r  f o r W  and functioning rt  bi9b.r t..p.rrtote n y  be 
from r t c r i n r  r e r i r t an t  a t  tbme t w r a t u r e r .  The r t t a i n ,  
Ca-2 reported to  b. f i r ing  nitrogen r t  above 30.C by ~ d r t  .t 
a 1975 urr p l a m d  t o  be @red r a  cbeck but could not be 
procured tbougb a l l  porri lble raurcer w r e  t r ied.  
We did  not inttobtrce b e  te-rrture t r e a t n n t  from 
rowing w i t h  the rerron (8) even infection procerr my get 
r f f e c t d  a t  bipher temperature and hence m may' not p e t  
nobulea functioning a t  tbore temperature vbich -8 one of 
the objective, (b) r d  germination n y  get affected a t  
d i f terent  temparrtur*a and plant8 my merge r t  d i f fe ren t  
t in .  and hence confounding the rtudirr w i t b  age of plant@. 
Soil  f r o r  8 different  ICRXSAT f i e ld8  which #re known 
t o  have >1000 rhi tobir  per 9 r o i l  (Appendit 31 was 
collected, a i r  dried, r h r d d d  and mixed tboroughl i n  equal 
proportionr. Ten 9 each of the 35 different  peat In oculants 
(Appndir 0 and 50-100 9 r o i l  from u c b  r o i l  ample .from 
f r r r r r r  field, i n  mdhya prrdarh and Zlrja8th.n which a re  
lir- i n  Table 7 ria& 10 were pooled and mired witb t h e  main 
b u l k  of r a i l  f ror  8 f ia lbr .  The mixture war found t o  have 
> l o g  rhitobia par 9 moil, pB 8.3, and e lec t r ica l  
conductivity of 0.21 rbar /cma.  Each pot contained 16 kg 
ritd r o i l  + inoculant , 
Thirty two pot8 were each r o k  on 29 Janorry 1982 w i t h  
1 5  a e d r  of cu l t lv r r  R-850 and t h inned  t o  10 per pot 7 dayr 
a f t e r  #owing. Pour of  there pot@ were p l r c d  i n  each of 4 
te-rrture c o n t r o l l d  w t e r  btbr ( h l t a  Cold P ty  ~ t d . ,  
Orborn* Parkr *.#tern A u t r a l i a )  i w d i r t e l y  a f t e r  thinning 
and beld for 40 dry8 before barvert. Tbs wrter level i n  
bath -8 adju8t.d on r l tena te  say. t o  reacb aligbtely .hove 
t he  1eml of r o i l  i n  potr. The reuinimg &6 pot8 n r e  grown 
in tb. glrrrhoure, beride tbe waterbatha under tb+ r a m  
l i g h t  and rrbient temperature conditlonr (25 &2*C) for  4s 
day8 before k i n g  r p l i t  into group of four 'and placed i n  the  
wterbatbr  fa r  6 dry8 ( f r m  dry 46 t o  dry 51) .  
Dart, P.J., X11a~r 8.t rnb I k g l 8 8 h ~ ,  A. 1975, The rwt 
nodule rymbtorir of cbtckp.8 and pig.onper. Page. 63-84 
Proceeding8 of tnternatlonal Workrhap on Grain m-8, 
13-16 January, 1975, Bpdsrrbad, A.P., India. 
A fur thor  four pot#, rlkhort plmt8 r t r  t-rd @t 
tk urn time rlo wi th  o a r  pot8 md lrod n tk rtrr  7 ! 1ktlu a t  tk irw t r u tL leap dot r t  on trrrtrnt tor 
1 4  d r y .  
Tha vltrr b t b r  wrr rd urtd i n  m lttmpt to  provide 
8 b u r  prrlodr of 25, 10, 3 2 and 3 5 Y  tagrrrturrr ktmn 
0000 md 1600 hour8 rrcb dry. ?igute 5 8ugge8ta t b r t  roil 
temperature could not k oon t ro l l d  p r w l r r l y  dar r big lap 
period between vrter and tbr  80il trrprratun. Tbe wri0d8 
necnr r ry  t o  rrrch the drrirod rriaun were longrr for tbe 
higher trmperrturrr 80 th r t  r t  the higbrrt tugrrrturr 
ret t ingr  the a i n i w r  tr8porrture wrr 8100 bigber than tba 
ninlwlm of the lowor trrprrturr rr t t lng.  T o  rrr later 
found t o  be due t o  the fact thrt 80i1 trrprrrturr plottrd i n  
figure 5 verr wrrured i n  tb nlddlo of t b  pot. h t e r  
rtudler indicrtrd tbt  thotr wrr r grrdlrnt of temperrture 
decrearing from prriphery t o  tbe riddle of tho 
difference i n  temporatore from prrlphary t o  11 rtra dl06of tho 
pot tended to get rv l l r r  v l t h  tiu. I t  rpprrrrd thrt urtar 
tenperrture rhould bo trkm 8r correct tor trrrtwnt 
differrncrr.  Tho trmpor8turr r r rur r rn t r  wro dona only  
for r limited prriod and tho wan8 rrr givrn brlor,  The 
s r r  timingr. fo r  pu t t ing  01 md OF? of tbr  rater htbr wrr 
maintained throuqbout tbe e r p o r i r n t r l  porlod. tor 
practical  purporer, four d i r t inc t ly  different temparrturo 
reguro  could be er t rb l  irbrd ruccrrrtully . 
8oi1 Water 8011 Wrtrr Sol1 Water 
A t  b r v a o t  a l l  plan t r  r r t e  rrcrond, e m i n a d  and 
. r a r o s d  tor nobalrtim md plant qroutb plrmtrtr. 
Since fw p l r n t r  died in o n  potr  which wm not 
neccorrily r r roc i r t ed  with t e m p r r t u t e  treatment wr, a r e  
preranting our r r r u l t r  on p r  pot h a i r  and not on pet p u n t  
brri8, 
Soil  ahirabfur populrtiona 
I 
t 
i population8 i n  moil ra rp le r  a t  53, 68, 83 rnd 
1 1 4  drya r e  not d i f t e r e n t i r l l y  affected by r o i l  
temperature8 . A r l i g h t  but r ignif  icant dscrerre  i n  
population war obecrvd over time. The interact ion between 
duration of t r # a t m n t  md t i lnprrrture t reataent  war not 
r ign i f fc rn t  (Table 671, 
#obulrtion and #,-f  ixr t iont  
After growing t b ~  p l r n t r  i n  glrrrhoure for  45 dryr, 
vrriou$ temperature t r e r t aen t  underrtardrbly d i d  not r f fdc t  
nodule weights  an4 numberr and p l rn t  growth (Table 68) .  
However there war c l c r r l y  r drrrtic e f fec t  on Ma-fixation 
w i t h  th higher t e ~ p e r r t u r e r .  Tbe rpec i f i c  a c t i v i t y  of 
noduler rnd nitrogen I ix r t i on  per p l rn t  uere about 8-10 fold 
lower wben 80il teaperr ture  too8 f r o r  mediur t o  higb, A 8  
aspect& the root over rboot w i g h t  r a t i o  a r e  not different  
1 
a t  v r r i ~ u r  t e ~ p e r a t u t e a ,  
Tho erporure of plant8 t o  d i f f e r e n t i a l  r o i l  
itemperrturer for  40 dry8 from dry 7 t o  dry 46 not only 
decrerrM the  In- f ixa t ion  and specific a c t i v i t y  of noduler 
,w i th  iacterrad t ~ ~ r r t u r e  but 8180 8igni f i c rn t ly  decreased 
t h e  n u m r  of noduler, nodule growth, rboot and root growth (Tlble 69).  Bvm the r a t i o  of root weight over r h t  m i g h t  
wlra r l r o  r ign i f  i c rn t ly  rf fected wbicb incrarred wi tb  
increrrrd t n p r r r t u r e *  Thir ind ic r te r  t b r t  even the 
nutr ient  uptake r igb t  brve k . n  adverrely affected a t  b i g h t  
#oil te#perrtutc rucb tha t  plant  brd t o  produce more root8 
per unit  rboot w i g h t .  
Ono o f  the  u j o r  objective$ of  t b i r  t r i a l  -8 t o  obtain 
th i robir  from pink or pink gtmn nodoln formod r t  higber 
k p e r a t u r c r  vbicb n r r  expectd t o  k f i l ing nitrogen. 
80- qrmen, premumbly fnaffeatim no6u3er wrrr* a l r o  
aqhcted a t  tbrra* taqwlrrtot~r, A ll,rt or tbare rtrafnr 
(Appendis 5)  w i l l  b+ tut.6 i n  the future, 
Out of tba total of 83 iralrter oibtrinod fro8 nodular 
only 48 (about 588) -re found to modulate cbickper in  
rutbentication tart. in teat tube prom plant.. Generrll,y, 
more than 90Q of our irolrtrr turn out to br) ?hitobirr. The 
poor rucc+rs rate ir rurpriaing* Provided tbore Lrolrtas 
ar. rhlrobla and not contrinantr w wonder i t  they require 
a higher tempctrture to nodulrte tbrn the tamperature i n  the 
plant growth room which war genetall (2S.C. All the 
non-nodulating irolater may b. re-te9t.d or nodulrtlon a t  r 
range of tsaperaturer. 
r 
An experiment conducted by Taralng 8yrtcrmr Rerearch 
Program (Dr, U *  Mtarrjrn and Dr. Srtdrr Singh) rtudying 
mirture-u6e prttsrnr of role chickper v / r  intercropped 
chickpea w i t h  rorghum were errmined for nodulation and 
N1-fixation at 32, S f  and 74 day8 after rowing. The 
experiment wro planted on 29 Octohr 1981 in f i e l d  tSn 3 with 
five treatmentrt- 
1. chickpea with 30 ca between row8 
2. chickpea with 60 cr betwan row8 
3. rorghum with 30 car between row# 
4 .  aorgbun with 60 CD betmen row8 
5 .  chickpea/rorghum intercrop (alternate rowr) 30 cm 
Chickpea war not inoculato~ but roil contained about 
10' rhirobia par  g of roil. Chickpea plants wre obrrrved 
for nodulation and I#-fiution after rampling from 0,9 rq.a 
area in each plot except in intercrop when it war 0.45 rq,n. 
Chickpea occupiar SO@ area. 
At 32 day8 nodule narbata p8t plant wrre rfmilrr in a l l  
trartmentr and the nodule nurrbrr/rg.r war r i  nificrntly 8 hi9b.r at the 30 a 6p.clng (Table 70) obvioculy #a# t o  .ore 
number of plant. p r  n w r e  wter area. Eovrver by 74 dry. 
the n u d . r / . q r  u 8imiL.r r i t b  a l l  t r e a t ~ n L 8  (Table 70) 
due t o  a rigniffaurt drop i n  tbe nobale nrmkr i n  30 am 
&pacing wbile tb. drop i n  60 ca .prc ingr  war not very  
pronounad.  Tbir drap i n  nodule number p r  p l r n t  m y  be due 
t o  d y l e n a r r t i o n  of  nobuler with ti-, d i f f e r e n t  r a w l i n g  
rpotr and rignlfitantly mre umpl inq  e r r o r 8  an by t h i r  time 
t b e  r o i l  9at8 very dry.  Tbir argument 18 r t r e n g t b e n d  by 
t h e  nobule d ry  weiqhtr  a t  74 &yr. 
Nodule weight p r r  p l a n t  bowaver wcr w n r l r t e n t l y  and 
r l g n i f i c m l l y  g r e a t e r  wi tb  60 cr #paced cbickpr r e f l e c t i n g  
t h e  t rand  tovardr  l a r g e r  individual p l an t8  w i t b  ' t h i a  
tteatmmnt (Table 70) .  Bewvar ,  nodule wi bt per u n i t  a r ea  
wr g r e a t e r  with 30 cm rpac.4 chickpea unti f 93 dry8 a f t e r  
rbich i t  dec l ined  and ram no b e t t e r  tban 60 em #paced 
p lan t r .  Intercropped u h i c k p a ,  p r e ru r rb ly  boruure of  
oolrfnti t jon a8 evidenced by lover  #boot might  per p l r n t  
w p c i a l l y  a t  74 day8 (Table 721, c a r r i e d  1-8 nodule w i g b t  
per u n i t  a r ea  and t h e r e  reac t ion8  were r e f l s c t d  i n  louer  
n i t rogenare  a c t i v i t y  per p l r n t  and per u n i t  a r ea  (Table 71).  
Wlth the d r r r t i c  d w l i n e  i n  rpecific a c t i v i t y  a f t e r  32 day8 
n i t rogenare  a c t i v i t y  war v i r t u a l l y  f i n i r h e d  by 74 dayr i n  
a l l  t r e a t m n t r  (Table 71) .  
By 74 day6 t h e  d ry  u t t e r  yie ld  of chickpea spaced a t  
60 cm wrr on ly  300 kg/ha l o w r  than t h e  m r e  c l o r a l y  epaced 
t r m t m n t  but intercropped cb ickpr  only y ie lded ha l f  t h e  
dry  u t t e r  of t h e  60 cm i nd i ca t ing  t h e  a e v e r i t y  of t h e  
t i t i o n  (Tabla 721. The rorgbua i n  t h e  i n t e t c r o p  i n  
f a c  produced a8 much dry  utter r t  74 dryr  a6  t h e  role * O T  
chiakpea . 
Tbere reams l i t t l e  doubt t h a t ,  in tercropping rdvcree ly  
a f f e c t 8  chickpea growth and i , - f i x a t i o n  presumably through 
raduoed p l r n t  r i t e  r a the r  than any apec i a l  e f f s c t  on 
p r r t t c u l a r  nodu l r t i an  p a r a m t e r r .  . 
Thi8 wa8 t b e  t i r r t  e x p e r i n n t  ubere we u8rd l S  l i8otopc 
dilution technique to r a r u r e  RaLfixat ion  and war conducted 
i n  c o l l r b o r r t i o n  wi th  R o t h a u t d  Rxpe r imn ta l  Btation, U.K. 
  he o b j e c t i v e  of  tbe e x p e r i m n t  wrr t o  f ind  o u t  r 
Mred r e l i a b l e  f i e l d  rstbod t o  eva1uate81arge  number of 
o u l t i v a r r  for n i t rogen  f i x a t i o n .  Enown high (cv.R-850) and 
low (cv. 6-130) ni t rogen  f i x i n g  c u l t i v a r a  baaed on 
ace ty lene  reduct ion were #own on 4 DQC. 1981 i n  f i e l d  BP 13 
flrt land i n  a r y r t 8 u t i c  derign 8acb that a l l  chickpea 
plotr mre 8urround.d from a11 rid- by two r a f f l o n r  
t- tinatorlu. I.). S a f f l o w r  w8 reen pror ing  
rawly gpto  about firrt 60 b y 8  in r t e r  8kd6 and ~8 f e l t  
t o  r e r v a  ar a good aon-figing ooa t ro l .  A11  the 18 ohickpe. 
plot. wce r u r r o u d d  on a11 four ridar by tro rorr of 
Mcb of tk 18 plot. of ohiokpw -re 2.1 8 lonq ud 
bad 2 r o w  each of K-050 and 6-130 roab tbat 3 r o n  of r 
given c u l t i v r r  did not weur  rr p r i r r  ( P i  ure 6)  and wrte 
tandomired w i t h i n  r plot .  Sprclnp o! 30 r10 om for 
r r f f lower  and 30 x 5 for  ahickper mr follaumd, wbetbnt tbe  
r r f f l oue r  r o w  were 8 or lortb-Bouth. 8- m r o  
d e t a i l r  on l ay  out of t h e  t r i a l  a r e  givrn in  f lpurr  6. 
After rowing tbe  red8 i n  r dry pieor of land, lrkmllod 
nitropen f e r t i l l r e r  v l n  rpplied a8 a h n i m  rulphrto a t  t h e  
r a t e  of 10 kg R/hr over tb3 oomplote rxp8 r imn t r l  r r a s  of 
13.88 x 9.91 (130.62 8 . .  I r r i g r t i o n  wa8 i w d i a t e l y  
provided w i t h  144 ro8e can8 (-4.4 cr r a i n ) ,  T o  e x p e r i u n t  
war then covered w i t h  polythene for throe day8 t o  prevent 
and conserve m i a t u r e .  Wrminrtion and plant  r t rhd  war 
goad, except i n  one row of r r f f lovar  which wrr mirrred 
during #owing. The mirr.6 row war f i l l e d  w i t h  t r rn rp l rn t ing  
eeedllngr ava i lab le  a t  tbe  t i n  of thinning about 1 week 
a f t e r  rowing. ' In  rnotber about 10  d r y r  r o w  rrfflower 
retdlingr d k d  a t  3-4 rpot r  rnd r e r u l t d  i n  grpr of rbout 
30-56 cm. There grpr ware 4180 f i l l r b  by t r rn rp l rn t lng  
p lants  from border row wherever axcarr.  A l l  t h e  
t ranrp l rn tsd  plrnto reminod rtuntod till the br rver t  67 
days a f t e r  rowing. 
A t  harvest p lant r  frcrn 2.1m x 2 rowr of rrff lower w r e  
brought t o  crop w r k  area,  ahopjmd i n to  piece8 of about l a t  
a p p r o r i u t e l y  one fourth at  t h e  t o t a l  raount war rubrampled 
i n  oven a t  80 C t  weighed and ground in  r c ro r r  beater m i l l  
w i t h  a eieve of 0.2 m. Tbare vere 51 much p la t8  of 
rafflower numbered 1-51 i n  f igure  6. I e rn  valuer for atom 8 
excero of rafflower for ercb plo t  -re crlculrted from t h s  
enrichments of t h e  four bordering row6 of a given p lo t .  
Nitrogen fixed war then cr lcu l r t ed  i n  each chickpar c u l t i v r r  
uring raf f louer  an r non-fixing control  plant  and the 
re la t ive  nitrogen f ixa t ion  i n  each chickpea c u l t i v r r  
compared by uring t h e  ~ u l t i v a f  wi th  higbert  enrichment r r  
control  for tbe otber . 
Groutb of r a f f l o w r  p l r n t r  in  tbe rovr which were 
completely trmmp1.nt.d w8a very poor, giving dry w i g b t r  o f  
only 700, 920 and 1210 k p / b  cowprod t o  a wan value of 
4390 kgfh. i n  rmm rbiuh bad not k e n  tran8plant.d (Tabla 
73) .  Theme plant .  bad b l  b enr iehwnt  of i s l r  0.076 - 0.0@0 
cmpard t o  a m a  of 8 .027 r t a  8 o x c ~ ~ r ,  supgmrting 
that they bud taken ap r r i o b o d  nitropen early but t b r t  
grartb and nitrogen mptrke bad tbm bean urL .d ly  r d u m d .  
P l a n t #  truuglrtod into papa in o t k r  ton rill bn hd 
row rffwt on tb ov+rall n r n  rrluea for tboae ronr for 
tbe r a n  rsrronr. A l l  data f r m  tbm r w r  r e  erc1ud.d 
f r o l  furtber calcalrtionr. Tk totrl nitrogen mntmt of 
0-130 war wlcb 1-r than tbrt of 8-130, m wa# tbe total 
dry ut ter  production (Table 74) .  S a f f l a r  h d  both bigbar 
totrl I eontent and dry n t t r r  than tbat prodaced by each 
chickper cultivrr. 2%. percant fertilizer utiliution 
efficiency (8 rot) war very 1w in rll tb. crop, the 
highart b l n p  found in rrfflouet (<34).  The enticbent of 
the rafflomr and cultivar G-130 was ririlar while the 
enrichment of  cultivrr K-850 wrr quite conrirtently lower 
than 0-130 in 16 of the 18 replicate plotr. 
T b e  low uptake of fertilizer indlcrter thrt tbc 
fertiliter war unavailable for plant growth. It fr likely 
that thir wse due to inrufficisnt irrigation, reraltinq in 
the inobilieation of the fertiliter in the surface #oil 
profile 80 that the labelled nitrogen could not be rbmorbed. 
The 1 .I #-enrichment of oafflower in may cases 
approximately the r a w  re that of 6-130 indicating that 
nepliglble nitrogen fixation war taking place in G-130 
(Table 75 ) .  Bowever, in aore tban half of the plots there 
wae more dilution of I in eafflowar than in C-130. This 
ruggertr thrt aafflower war either abrorbing nittogen from 
different dspthr than G-130 where rare ''N was available 
e where N fertilirar had not been lncorp~rrted, or 
that rafflowr war taking up nitrogen later in tb seraon 
than G-130 when the enrichment of the moil might have 
declined. As relatively r a i d  safflower growth in the 
m d l i n g  rtrge t h m  G-139 "as noticed in iubacquent 
e ~ p e t l w n t r ~  the former explanation is more ljkely. 
Tbe conrirtently l o n r  enrichpant in K-850 cogared to 
G-130 indicate8 that the technique may be u s e f u l  i n  
providing a good coaprrtive ertiutt of the nitrogen fixed 
by ercb cultivar over tha growing season. Unfortunately aa 
aucb s low amount of l a  R war trkant up by both c u l t i v a r s  the 
error due to hetrropeniaty in the arount of available roil 
nitrogen batmen plotr and analytical precision waa 
proportlnately bigh .  
If tba ertirrter o f  nitrogen fixation by isotope 
dilution and tbe difference wthod are conparad (Table 741, 
it can be 8e.n that eatinter o f  nitrogen fired by each 
chickpea cultivar a  l a  The differencm wthod with 
rrfflowr rr a non-firing oontrol bar not been ured due to 
the h i g h  totrl nitrogen content of rrfflowsr. 
Thir arptimnt ha8 eonfirmed thrt A-850 and G-130 a te  
reap.cti*.ly high and lw nitrogen f ixerr and ha8 provided 
inright into mxperimt. l  procdure rhicb murt k adopted to 
enrure a u#aful w a a u r e w n t  of nitrogen f iut ion.  Two 
rec-ndrtionr for expetimtal proc.drrrr can be u d e j  (8) 
trrnrplrntig m r t  k avoided rr it a n  rftwt plrnt rowtb 
md nitrogen uptrk* amibrt@l , (b) thorough irrigrt on 11 I 1 euantirl to amure t&t forgi imr ir WIIM into tbe roil 
to baptbr where It ern be rbrorbed by tb, plmtr. 'Pblr will 
brlp to rdwae differewer in frrtilir8r vptrkc buc to 
conttrrting rooting plttetnr o f  tb 1quu and oontrol 
plant, ~t ir not clear ubrtber tba irotopr dilution 
tecbnigue will be rppliarble tor ure undat raridurl mirture 
condition8 due to tbe problom of fertili8or incotporrtion 
into the soil rnd it8 8ub8ogu8nt unrvrilrbility. 
Cultivrr differenuer in nitrogan tixrtion w t c  
reraonrbly consirtent mb gave a oorprrrtivr eatlute of 
nitrogen f ixrtion eft iciency ktnen. tbe two ahiokper 
cultivrrm rlmilrr ,t,p tbe diftermae wtbod. Tbo erperiwnt 
ruggertr thrt tbe I-tootope dilution technique in the 
field will provide r ureful wtbod tot uultivrr screening 
and satflowat, can ptnvibe r factor on 8prcirl vrrirbf l i t y  
for 8-uptake. 
1. Due to probltar of plant to plant vrrirbillty within 
r cultivar experimntr on thir project vere deferrod. 
2. Invertigatfonr in the glarr hou8e on a non-fixing line 
at Fa atage report66 from flAO found to have nodule8 at 
par and #,-fixation better tbrn one of the jwrantr. 
No y ~ l l o v i ~ r y m p t a r n ~ ~ ~ ~ ~  reportad in thc field rtudlerr 
at M U  were rean. Yellowing ryrptorrr were reeg at Pt 
rtage when the progeny war grown in field. A l l  the 
plants died within 60 dry8 of rowing. 
3. Nine cultlvarr previourly known fo r  their ndlulation 
were obrervad again and confirr for their high or 
low nobulrtion. 
4.  In the above trial we noticed better atedling 
emergence, plant rtanb, dryutter production and grain 
yield on the errtern side of r ridge than the 
wtrtern ride. Nodulation and Na-fixation per plant 
did not differ rignificantly due to ridqe placement 
though it war batter on eastern ride in s o n  cultivars 
obviously due to differential plant poulatibn. 
1. Chrrrcterire differences between chickpea liner in 
ability to nodulata and fix nitrogen 
2. Wonitor breeders mrteriaL and germplarm for abjljty 
to nodulate and fix nitrogen 
3. Select berirable material for ure in breeding 
p r o g r a m 8  
4.  Determine h e r i t a b i l i t y  of nodulation 
MI screened about 200 crwring block linrrr gram in tha 
field, over two aeaao~r 1976-77, 1977-78 for  variability in 
nodolation witb  the native # o i l  population.. 
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notiood large plant t o  plant rarirb$llty for d a p  to 
germination, nodulrtion and plant growth, not only in bybrid 
but 4180 in tb prrantr, Thia vr8 th, firat ti- that us 
not lcd  large plant to plant variability within a given 
cultjvar, Lrcerr watering might have been me o f  the reawn 
for rucb large vrtlability. Plrnta w t e  grow in 5. p t r  
having rand and rtood in half incb tray8 full of nutrient 
rolution, We decldrd to revicv tbr  rltuation carefully 
befare undertaking further nodulrtion evaluation rtubier, 
tltperirwntr undertaken in thir  year were (1) to exrrino a 
reported non-fixing chickpea line from Baryana Agriclrlturrl 
Univtrajty uring t h e  watering ryrtm we rucceaaful3y ured 
for evaluation of rtrainr (2 )  yield avrluation of 
cultivrrr known for their nodulation behrviour, 
In the December 1981 iorue of International Chickpea 
Normletter, B.S. Dahiya and A.L. Khurana reported a 
non-firing P, propeny of a cro88 batmen =C-721 and G-130. 
On rtquert we received r tdr  of P progeny and both tbt 
parents. 5-6 plantr of arch genotype were studied in a pot 
trial rown on 15 Ptbruary 1982 for nodualtion rnd 
N,-fixation with each of tvo type8 of inocullnta, (a) 
a i x t u t s  of 9 strain8, (b) roil from field 92/2 of 
Haryrna Agricultural Univcraity, Birsar from where the 
progeny war relected. The mixed inoculant uemprirdl 5 
8trlin8 from ICRISAT' (IC-6, IC-13, IC-53, IC-59, add IC-761, 
3 f roa lifT1U (TAL-400, TAL-620, and TAL-1148) one John 
Inner (90361, The mixed inoculum was burpendad fn tap 
wrt@rr and applied to pots at sowing and provided 10' 
rhfrobir per seed. Where EAU soil was u8ed as inoculant, 5 
g roil per pot wae added with the. seeds at sowing, Seada of 
unitera size were sown two per pot in caet of cultivrrr and 
one per pot in case of the Pa progeny in 7 a plartic pots 
containing acid washed srnd,The plants were grown in a 
glrrahoure with day aaxinuo temperature ranging 26-29 C and 
night minimum temperature rrnging 18-20 C over the total 
growtb period, Four days after emergence all plants were 
tbinned to one per pot. Watering war done as required wing 
Arnon rolution containing 25 ppm N a8 K # 0 , .  
Obgervations on acetylene reduction, nodule weight and 
nodule number pet plant m r a  n d e  41 day8 after sowing 
(Table 76) .  After removal of nodultr, plant8 -re 
re-ertrblirbed for seed production* Witb tbe set of 
genotypw inoculated witb roil, ndloler formed naar the 
cot ldonr  only, and tba reraorr(8) for tbia are not clear. 
We I id rot ob8erve tbr yellowing deacribd by Dabiya 
'Ilsl, h progeny bad nodule nuaberr 
poor nodu1.I:Ing pareat 9-130, nodula -"rt*lr rc, ght (with to mircld tb* 
inoculrnt)  intermedirt* betwcn tbe prrontr rnd Ma-firrtion 
a t  l e n t  a r  good r r  one of tb. prrentr  but rsperior t o  the 
low &-firing cbeck, kurigeri. 
Rn tran8plrnt.d p l rn t r  e~pe r i enc rd  pot temperature 
period8 when r e - e r t s b l i r h d  for r e d  produotion on 29 Mroh 
1982. There p l rn t r  produo.6 30 rwdr, moat of wbich ware 
not f u l l y  developed. Only 8 of there 9erminr td  In f i e ld  
when planted i n  0ctob.r 1981. I n  f ie lb .  t h n e  p l rn t r  
rtunted and rhomd yellowing rymptonr o f  t b e  t 
!Ire" 
b Dahlr and Khurana,l981. A l l  theme plant8 betwren 1 P' derar 4 -60 daym a f t e r  rowing. Though n have loat  a l l  t h e  reed 
but t b e  phenomena i r  qui te  intereat ing and deserver r frerh 
look. 
The l a i n  rearon of conducting t h i r  t r i a l  wr8 t o  
multiply @*+be of c u l t i v 8 t l  Rlht, L-100, P-310-1, 9-319-1, 
ICC-435 and ICC-685 which wl, were running rhort .  lkcrure r 
good land piece was r v r i l r b l r  we decided t o  tfike r t r i a l  
w i t h  two additional ob jwt ive r  - yield evaluation and 
nodulstion behrviourr bsrider t h e  main objective of 8e8d 
multiplication. ?our repl ica te  plot8 (Sat 8 row on 60 cm 
t idger- 2 row8 per  idr) in RCB derign were mown on 2 November 1981 i n  f i e ld  bP 3. .We noticed dlkfarenctr i n  
emergence and plant growth between row8 on r a r t  and weat 
~ ~ l d c e  of a ridge, w h i l e  plant rovr ran north-routh. 
Therefore ue decided t o  make r31 obrervrtionr on r a r t  rnd 
we8t row8 rep r r r t r ly .  k d u l r t i o n  and #,-fixation war 
observed a t  45 day8 a f t e r  rowing by uprooting plant8 from 
0.9 8q.m area. Pl rnt r  fro. t a r t  and Wert part  of t h e  60 cm 
ridge$ of 811 row8 were raapled repar r t r ly ,  poo1.d and u8ed 
for d i f fe ran t  mearureuntr. 
Cult ivrr  g-850 bad higbert nodule . r r b  and I , - f i ra t ion 
per plant. lodulation of other cul t ivar  war 8r expected, cv 
P-310-1 bad lover nodule number but rrr a t  par wi th  other 
bigb nobul8tinp line8 for nodule -88. Cult i rara d i f iared 
r ign i f l c rn t ly  for a l l  tb nodulation p a r r w t e r r  (Table 77).  
Cult ivarr  6-130 and L-550 had l rwrr t  nodule ueigbt md 
a c t i v i t y  per plant. Ridge plae-t wr not r i g i n t i c m t  for 
a l l  tbc paraneterr wa8ar.d escept for plant ppua14tion. 
Thir n y  k due t o  d i f f e rawe8  i n  miatore condition8 on 
eaat  ./I welt ride. of a ridpe. I0dalating and is-fixation 
wr8 obmrved a t  45 dry. a f t e r  a w i n g  by uprooting plmta, 
from 0.9 8q.B r r8a .  Plrnlr from +.at and mrt prrt of tk 
60 cs r i d  em o f  a l l  row -re rampled ~ e p r r t e l y p o l d  m d  8 used for i f f a r e n t  n r r u r n e n t m .  
A t  t h e  t i n  of  f i n a l  h r rve r t  r h o  *art and r+8t 8ide8 
of the ridge wet+ measutqd repara te ly  and tb8 r ignif t -nt  
d i f f 8 r m c e 6  i n  dry matter m d  g r r i n  y ie ld  uers resn not only 
for c u l t i v r r a  but a180 for  r idge p l r c e n n t  (Table 78). 
Cultivar  ICC-435 produced maximum dry matter but for g r r i n  
yia lbr  I-850 war rt top followed by ICC-685 and P-389-1. 
Good nodulrt ing c u l t i v r t r  i n  ener r1  yielded better tb rn  low 
nodulating c u l t i v r t r ,  Signif f cent  c o r r c l r t i o n  between g r r i n  
yeild rnd nodule weight, #,- f i r r t i o n  were a l r o  rem (Table 
791 ,  Dty matter cor re l a t ed  poorly v i t h  nodule weigbt 
(r-0.262) r e  compared t o  gra in  y ie ld  (r-0.4541. 
Wb have reen dlfferenceu i n  rlrrrpence and eaFl  plant  
grovth i n  Vertiaolu i n  the  p u t  r1.o. I n  19K-82, we 
noticed tbrt i n  f i e l d  RCE-4 where ridgsa ran *ar t -  weat, t h e  
north i s  o f  the r i dge  had poor plant population ae  
compared t o  mouth a ide ,  The r lopa in  t h i r  f i e l d  w a r  toward8 
mouth-maat. It asem$ t h a t  the  p lan t  r tand and e a r l y  growth 
on tbe ride of a r idge opposite t o  rlopd g e t  a f fec ted  
advtroely and could be dua t o  t h e  f a c t  t b r t  t h i r  ride 8110~8 
water t o  r tand for  a more period. Such @art-wrmt 
bifferencer r e  only reen i f  the  crop i r  mown d r y  and 
i rr igated for  e m r g t n c e  and not when mown v i t h  dibblerr .  in  
an i r r i g a t e d  f i e l d  of r igh t  moirture. 
Field Av. yleld mat I ve 
!ear of contra1 X Rhlroblum 
old new (kg/ha 1 I ncnrse nam rime h / g  sol 1 
1976-77 Paddy P 6 
f leld 
4 (Ns) 
14 (NS) 
(1 (NS) 
1 (MS) 
- -- 
aMeasuremnts lirde i n  1978 from adjolntng parts of the respective f l e l h .  

fable 3: pH Measurarmts of sakd, rater and Wla used for 
plant tubes (sand:dlsti l l ,d  water 1:2),  1981. 
treatment PM range 
Distilled water 6.0 
Sand In  test tubes where plants died 
( 1 : 1 sand and water ) 7 , 2 - R , 4  
Sand i n  t e s t  tubes there p l a n t s  with ye1 low 
spots but did  not d i e  9.15-9 ,ST, 
Sand from Glass house camplex 
Uhwa s hed 8.85-8 .95  
Washed (running water 5 days) 
Ac Id washed (1% Hc 1 24 b u r s )  
Acid washed (6% Hcl 24 hours) 8.7 
Sand from different source5 
Near Eucalyptus trees near SN gate 
Near f i e l d  RCE-21 
Used by PPS for constructlon 
Nutr ient  solutions (of pH 6.8)  a f ter  autoclavlng 
Reading's 4 strength 
Amon's & strength 
Jenserr's 4 strength 
Reading's f u l l  strength 
Amon's f u l l  strmgth 
Jcnsen's f u l l  strength 
Use of ddanfsed water or tap water for  washing a f t e r  acid treatment 
did not make any difference i n  pH of sand. 
table 4 1 TnlprrJtura ammutrmtr lnrltb tk p h t  tllbn p l m d  
in Phnt pruuth -At, 20-1-1911 to 26-5-1911 
Place- waab*n Mbndrn nrral botb mitr dll W l f  li*tr 1313 
nrnt OW OF? 011 
~ t r f  mtmw ~ t m e -  h ~ 1 '  Ral I #akn lcodkn 
Wf wterr r t e r r  ILqhte Itghtr 01 WT 
f r r  +nd mat QN 01 k t a l .  Wt.1 
of AC to M1 #I m 
Top rhalt t 26.s 21 .1  2a.a 27 .3  a! .# 21.1 18.7 
W 27*9 24.9 21 .2  27.0 21.4 a • 0 10.8 
Third rhelf C 21.5 29.0 25.6 11.0 2S.4 U.1 23 .0  
W 21.4 24 * 9 I . D  21.4 fi.1 a s 6  23.4 
- - - - - - - - -- - -- - - - - 
rroar trp.0 
t r t u n  10.2 21.8 31 .1 21 .9 21 .4 19.1 19.0 
* I t  uao d l t f  i d t  to  k n p  plant tab8 -tatwe k3# 30- u the tsar t . r l p r r t u t e  
rpprorchd 22.C. W. could n8t run botb 'liqht antt8' Ww 
7 hour8 a t  a rtretch with toon Ulprtrturr 22% or: k" 
' *ll. Uu mit, 11. "mt,,jat)l. W -8t ) 
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Table 9: Cotrelatfon between chickpea nodulrtlon, Rhtzobltm population 
and soil properties of soil sarrples from melds around Gwalior, 
January 1982 
Elutrlcal 
corrdoctivlty 
Nitrate 
n 
-0.278~' -0.512- (df 24) 
-0.117~ - 0 . 4 ~ 9 ~  (4f 11) 
0.573". o . l d S  (M 21) 
0 . 7 % ~  (@ 24) 
r Brm lud, b 8 pow cmp, 1- loam d d m  % c trrl&d rt )rut om a f k r  rarinp, d trtwch statton, e F u t w  for anFW 1Wts 4s x t 4.68 


Table 13 Rhtzobtrm papulrtlarr o w  depth, on slop@ of 
(,md dumlnq chlckprc i n  hjrsthm, I February. 19 2. 
a o t h  spot 1 wt 2 soot 3 
(cm) (top of (csntm (base of durn)' of dune) dune ) 
'lop of rand dune, though sown, did  not have my 
plants prezurb ly  dw to ~ h w t a p 8  of w a t a  a t  
sowing, 
Table 14: Var ia t ion  of so41 characteristics over depth in  f i e l d  
92/2  of HAU, January 1982 
Rhizoblun+ 
countlg of Electrical 
conductivity P e r  c e n t  sot1  (rs mhosfcmz) m i s t u r e  (109 W N )  
45-60 8.2  3800 (3.58)  0 - 1 5  12-5 abc 
60 -75  8.1 1230 (3.09) O 3  15 11.4 abc 
CV X 3.4 23 35 -6  8.2 
- -~ -.-- A 
F .. t e s t  NS ** ** *+ 
- 
t Mean separated by Duncan's multiple range t e s t  a t  P ~ 0 . 0 5  
8 s -  1A 
18 
WSIC 
BUS,IO 
#US-2A 
WS- 3A 
eus- 38 
BUS-3c 
8s -30  
BUS-3L-kuth 
BUS-3E-ESwth 
BUS40 
Bus-SA ' 
BUS- 5C 
BUS-SO 
W W  
BUS-68 
ws7c 
UUEBA 
6US66- 1 
Bus- 2 
w w  
WSBl 
lWSI1OC 
~ 1 W  
WE1 1A 
~ 1 1 6  
wIs..11C 

Table 17: P l m t  infectla cow# (I-, NPM) d rhtloblr in 
inacutmts, on weds' a d  on cot lsckm rftw 22 
- T days * R h ~ z a b l u  scn)cnlmg trlr in RCE-4,1981-82 
Log nubcr Log qmh? lob f a  sw CpN a, 
Rhizoblurnl Plate MPwb c o t y l ~ s  Straln q inacwlsnt c o w  a t  22 days 
N l  f TAL 8.23 - 5.63 >5 .00  
111 
'WN estimate o f  inoculant obtained by serial di lu t ion  infection technique 
on peat inoculant 
b k c d r  wen processed w l  thin 3 days of trcrtment with pest lnoculrnt after 
storagc a t  c 4.C. 
fable 18: lhe p e m c m t ~  of  chlckgtr ptmts  nakrlatsd In  
R)rlzobJ,m stra4n scra~?rrlng tr lrt ,  RCE-I, 1981-82. 
S t r a  t n 
A t  20 drys s f t w  A t  45 days after 
scndng md k f w e  sowtng a d  after 
irrigation 2 tmtgrtiorrs 
F -6 
fC-6 
IC-53 
IC-59 
I C-76 
JC-94 
IC-149 
I C-2002 
IC-2072 
KG-31 
l l f f  TAC 
F. test:  WS 
Values in  parentheses are means after  angular transformation 
T&)e 19: Nodule n e ,  ms urd shoot mlght of ehickprr rt 
45 drys tn Rhizdfun strrln rcmmfng t r l d l ,  R C E 4 ,  
1381-82 
('I 
Strain Wule ilol llodule Top wt 
plantd I m g / ~ l )  (g lp l )  
IC-2072 5 (2.15) 
KG- 31 1 (1.19) 
HlfTAL 7 (2.71) 
%a1 ues In  pamthescs represent mans Jtcr transfocnat la, 
b ~ a t a  mrlysad r f  ter m t r n s f o r u t l m  t o  brinq indepandcncc of ermr 
Tlble 20: Totrl dry mtkr grobttlon, ~ 4 l n  yllrtl J tMlr rldtlyr at 
ffnrl hmrct tn lUlizQblm ~mniy b l r l  Ir MZ4, 198142 
UI1nocuI1tC(J control 
1C-a12 
lC-4 
f ,  test: n e 
'hm rre wprctad by omcnts ~ ~ t ~ p l c  tm tnt. ( ~ * l  r(th tka 
me lrttlrr u~ not slgntfIcmtly d l f f m t  rt P 9.05 
.1 I"" m 
0 
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Table 24: Populat tms of chlckpea rh fzob ia  I n  I n o c u l a t s  and on h f g t + i  seeds 
a t  row4ng and a f t e r  22 days 
- 
C o g r ,  nrrabtr rhlzobfa/ Cog,, m d u  r ) t l ~ o b l a /  L W B ~  n- 
g i n o c u l m t  a t  sowing seed a t  rowfng m cotyledons 
Stratn a t  22 drys 
Plat4  wm . P l a t e  COII WW 
cwnt estlmute count esttruta art laate 


Tabla 27: Sveclfic rcttvlty of chrctpw nadru1.s 4 t  74 days 
H-45 
F-75 
IC-76 
SL 
Mean 
SE 
~artro~' 
Ureaa 
F.test: 
InteractJon 
Cultivar 
Strain 
Elrcluded from statisticat. analyses 
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Trblc 1: R y  matter poduction ird II-uptJEe at 74 day 
h m t  chlcttpm In 4noculrt4m trlrl, BUS I I F ,  
1981-82 
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Tlbla 41: Etfant H dlft-t -tho& c4 Rhlzoblm tnoculm 
~pplicattan on 8ry wtt*. crJ g r m d  (kglka) 
of chlckpra rt  60 days and a t  utwlty C n tlflsol 
f l t l d ,  RCE-4, 1981-82 
Inoculated teed 
seed 
Saccd + Irrlgatim 
Seed + I lquld 
SE 
Dry Mlttan 
y i e l d  
a t  60 days 

Table 43: E f f e c t  of delay I n  sowlng a f te r  Irrtgatjtm and aethod of inoculant applt- 
c a t l m  on percent plants ndulated a t  30 days I n  glasshouse, 
-1ng d.y C o n t r ~ 1  84-45 f C - 7 6  
af* tm9- Llquld L l w f d  Llqufd maw 
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Table 54: Total dry matter and grafn y ie ld  of chlckwa at 117 drys 
harvest under di f ferent  land preparat Ions, f Ie ld  0p 13, 
( m a  harve%ted 27 sq. m ) .  Oat4 SUPPI fed by Dr. r.P. 
Stxtna, Pulse Phyllology. 
Tots1 dry matter Grain y ie ld  
Treatmt (k9/h4 1 (kg/ha) 
hnlgerl K-850 Mean Annipst K-850 Mean 
Brard bed furrow 296310 307 0 3030 1880 1720 1800 
Broad bed + mulch 2720 2960 2040 1690 1650 1670 
Rldgt of 60 cn 31 20 3160 3140 1930 1760 1850 
F l a t  bed 2970 31 10 3040 1810 1690 1750 
F, tes t :  Treatment + ~r t 
Cult i v a r  e* t+ 
Interact I o n  N S NS 
a 
St for conparison of cul t ivar  mean within a treatment. 
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Table 65: Wltrogenase a c t i v i t y  o f  chickpea a t  50 days under nonaal and extended 
day length, W 13, 1981-82 
Cult ivar 
u moles C,H, per 
g nodulefir 
u moles C,H, per 
plant/hr 
No-1 Extended lWrma1 L x t d d  Rorrral Extcndtd 
h a t g e r i  
6-130 
L-550 
fE 
F. t e s t  

fable 67: Ch- In Rhlzob4 populrtim (log,, RM) o v r  tfm 
r t  d t f f l m n  f l  -sturns In pets wfthwt plnts, 1981-82 
lncubrt J o n  
tim - truplnrrture 
(dryr 1 Msul l o w  Mlul W39h Vwy high 
cv X 9 
F ,  test:  TIme ++ 
Tmperaturc M S 
Tim x teaprraturt NS 

m r c ~  8 = $  
C C  
U U U  
X : '  
O B P E  C C C  



Table 73: Total dry matter harvest (kg/ha) of safflower fran dlffercnt 
plots (reference: figure 12)* 
'+Calculated f r a  net h v v e s t  area of 1-32 sq.n. 
Plot  m. Mttcr 
35 3234 
36 6297 
37 3932 
38 3937 
39 2614 
W 4236 
43 353s 
42 8075 
Plot Mo, Dry matter Plot No. Dry  matter 
1 3245 18 2987 
2 5439 19 6057 
3 4765 20 3214 
4 5558 21 5516 
5 3883 
6 54W 
7 5969 
22 2765 
23 4647 
24 2331 
13 5760 
U 3597 
9 1213 
t O  3760 
8 3101 
26 5943 
27 5173 
25 3403 
3 1 917 
$2 4563 
28 4528 
29 2868 
45 7187 
46- - 3346 
47 5656 13 703 90 5755 
14 M 31 3422 48 3589 
49 6570 
543 4586 
51 5177 
35 3457 
16 3819 
17 3830 
32 5267 
33 4678 
34 3826 i 
Tablr 74:  Estimates of W,-f l x i ~ t l a ,  fn c h t c k ~ a  usfnp saff laccr 
as r nm-f lxfng control, BP 13, 1981-82 
Dry matter (kg ha" ) 
X N fixed 
N fixed (kg hama ) by 
isotope dllution 
N f l xd  (kg ha") by 
dlf fermcc 
8 51; 
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I moo 
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)I ~ t t  Qry might 51 c H./o br7 a C . 4 1  wi*t ~ ~ p e 1 . t  ~ O A /  
(~lg/l?l -t 1 nadutcm plrrrt/br (9PPl-t) Y. * 
East M s t  k m  East Yart . W n  East Yhtt k m  East W t  kn East lltrt rCr, East mst rrr- 
E-1Q) 15 10 12 60 34 47 82 W 83 8 2.8 3.8 2.1 2.5 2.3 20 15 t l  
6- 1m 7 7 7 60 72 66 St 49 W) 2.9 3.4 3.1 1.9 I d  1.9 2 9 2 3 2 U  
L-sm 9 8 8 53 W) 52 47 rn 39 2.5 1.4 2.0 2.7 2.6 2.4 n n 19 
Rabat It 11 11 5 54 U 73 56 b4 4.4 3.1 3.5 2 . l  3.a 3.2 13 18 I? 
P-310- t t o m m  1311 tn w w s  5.4 1.9 6.0 2.3 3.0 2.4 s n t 3  
?-319-1 35 31 33 1W 1 IS0 42 37 H 4.3 4 6.0 2.2 1 2.0 1 a rn 
ICC-435 31 32 32 143 1U 1U 43 42 43 6.2 4.1 4.1 1.9 1.8 1.8 2 7  
1ct-68~ a 30 29 102 a w 51 66 59 i : r  5.t sir 2.8 1.7 1.9 29 m 29 
a - $ 5 ~  29 31 m 239 1- as 61 60 41 3.2 11.1 12.5 2.3 2.2 2.2 s n n  
SE r2.2 t1.6 tH.7 *11.8 H . 7  fi.2 el .W rO. 73 a.53 i0.m tt.2 $1.5 
ccrr 20 19 w7 m 56 u 5.6 5.2 2.2 . 2.r zs n 
flE So. 7 &.& e . 9  10.35 +O.U a.? 
CT X 23 32 32 1 42 rn 
F .t+rt: 
Crlttrur a* u - m tf *r 
=-=@&it- IsS as us IS ms .r. 
1 * k r ~ t i m  Ilf rrS IS RS If 
-- - 
a 
Table 78 :  Grajn y4eld and dry matter productfort o f  nfne chickpea cultivars, 
6? 13, 1981-82. 
Cultivar 
Dry matter y i e ld  
kg/ha 
Grafn yie ld  
kgfha 
~ l m t  pogulation/ 
s q .  n. 
East West #em East & s t  Mean East Uest Clem 
E-100 3530 2110 2820 1190 710 950 18 12 
6- 130 3540 2780 3160 1680 1290 149Q 29 23 
L-550 4040 2390 3220 1980 1080 IS30 27 22 
Rabat 3350 2250 2800 t 390 900 1140 19 15 
P-310-1 3280 2430 2850 1400 1033 1220 24 20 
P-319-1 4430 2700 3560 2190 12 70 1730 30 26 
I CC-435 3900 3120 3530 1820 1480 1650 SO 27 
ICC-685 3550 3160 3350 2060 1670 1860 31 31 
K-850 4130 2590 3360 2430 1620 2030 30 23 
SE t266 &I88 e l39  298 $1 - 3  
Mean 3760 2610 1790 1230 26 22 
SE *89 216 tQ - 4  
cv (%) 17 18 1Q 
F.test:  Cultlvar e *e ** 
Rldge placement - w - 
fnteractlon HS HS WS 
- --- - - - --. 
.- . 
- 
o d o o  
@ W6clrvttlm b ~ t r  
0 kr r rn l  8Ut tms 
0 W~Urnt W ( 8 U  rr route 
Fipun 1: Tour(np rwck of Iajrsthn, Jmrary I=, bat 60, 33 
b 51 tr l l  I n  rnrs Ir)mc drJckgl4 I s  not prtrnrd 
cmp dw to l u k  of mlstun tn the grain9 wrm. 
(kn my n occrslonrl f leld of chtckpw on thlr  mk. 
Pivn 2. Ypirture contrnt of coil wed i a  study of &Aqd mint r d  mhod 
of inoculant rppliertion, Glur hoow, 1981-82. 
Fiqure  l f f e c t  of depth of sowing on nodulation 
p a t t e r n  ~f chickpea, 1961-82. 4rrows 
i nd ica te  posit ion of  cotyledons. 

ncd ium 
4 Flgure 5: Temperature recordings i n  water (-1 i n  the water b a t h s  and so i l  ( - - - I  fn  Pots placed in N 
& four different water baths. Each f igure represents a d i f ferent  tem~erature reglnrc celled 
low, medium, high and very high. 
40 
Y 
0 a8# 
J 3 0 -  
H i g h  Very hiqh 
//y-=T\ . -f l  -a. . -. 
, *'
a- - x -  
T 
i - 
0000 0000 1600 2400 0000 OR00 1600 2400 
Time (h) T i w  (h) 
20 - T . 7 
Total area lncludlng bordwl 4.e. 
dottad I h e  orr r I1 farr rid@% 13.8 I 9.9 n 
chickpea p lo t  size ( tot@!  18 
plotr ,  A to R l  
kf f 1-r plot r rze 
(total 51 plots, 1 U 51) 
-ix 1: P e r f e e  of ICRlSAT Cicer RhlzObiir s t ra lnr  in ult l locrt lm t r i a l  of A I C P I P .  1981-82 
- v f c l d  o f  Ch.ngc i t a t t s t l -  S t ra ln  rat&/ 
w t m l  Test uninucu- i n  grain c a l  signf - t o t a l  no. o f  Top 5 f r e a t -  
b a t  $013 cut t i v s r  l a w  y t e l d  f tc.nce trcltamtr rntt R m r k s  
control (S) - 
- (kw-1 caatrot 
Jab. lpur 1C-59 M 1560 12.7 WS 
(MY* It-94 17.1 • 
P+#ksh ) IC-20D2 11  -6 MS 
ic-2072 12.0 
14/18 I C - 2 W 2 ,  CH-777, TtC.1 candwted on a l f isot  
9/18 IifTAt , IC-149. 4 0  rh l zeb i .  OIK s 
1 /18 iC-76 sf to \. a9mM is 
76/38 
I-?
r t x h a r  o f  3 stra ins w i t h  
SC-2002 as m e  d tlr 
t h w  . 
9/16 Ca-18%. H-44, W4.4 dld < I 0  +hlrobia 
6t16 CW-777, KG-31. P peat dbmt t-ted at  12/16 0- 1 tn IUT 
7/16 
611 7 H U ,  W-90, tc-w, H-l$ d 06-90 hrb t-m- 
3/37 W - 3 2 .  8-1 c t t e l y  <to .nd 10. rblrto- 
17/17 01. O.r g inocul r r t  rhCA 
7/17 tested at lCRf SAT 
Wi 14/16 ffi-34. MlfTM,  DC-# wd 06-#) bad e l 0  
mS 9/36 IC-2072. 06-90. rhtzobta per g of peat 
M 3/16 C.-lBl/U(-I?t t ~ t d  at laiw 
m i - 2 1  
--- --- 
NA D l t a / l n f o m t  im not a v a i  table. - Significant, IS = M U ~  s l g n l f l c ~ t .  

- 4 %  3: L i s t  of fields fm wh(m $011 srples were tden 
for E x p r i m t  4,  Qrojoet CP4lcrod, 1981-82 
Fie ld  $01 l PH E C ClPtl c m t  (log m *of;/m Ftlizobic/g sodl 
I n  tap 15 an profile 
BIL 78 8.1 0.18 
BM l6C 0.5 0.23 
BM 17 8.3 0.22 
B? X . - 
6P 8 8.4 0.20 
BP 10 (07-2) 8 3 0.20 
BP 14 (BP) 8.0 0.21 
6U 3 7.93 0.19 
Cppandfx 4: L i s t  of strrlns used h, Expwimt I ,  Projmt CP-fltcm4, 
1981-82, 
- - 
Source 6 r W h  rate 
1 IC-8 ICRlSAf Cmtcr 
2 IC-11 -do- 
3. IC-13 -do- 
I e I c-ZC) -do- 
5, IC-21  *&- 
6,  IC-23 -do- 
7 e IC-24 -do- 
8. It-2s -do- * 
9 * IC-30 -do- 
10. I c-35 -do- 
11. IC-44 *&- 
72. IC-52 -do- 
13. I C-53 -do- 
14. IC-59 H i  s ~ a r ,  H & r y i ~ ~ d  
15, I C-66 -&- 
16, I C- 76 - d a m  
17. IC-97 -do- 
18. IC-128 I\&.lrsthan 
19. IC-143 ICRISAT C w t ~  
20 e IC-144 -&- 
21 1C-14s -do- 
22 * ICw149 -do- 
23. IC-2001 E x  Rothamsttd 3827 
24. I C-2002 E x  Rothamstsd 3889 
25. IC-2027 f x MU CH-827 
26, IC-2028 E x  HAU CH-'177 
27. IC-2046 EX WU C A - 2  
28. IC-2048 E X  WAU CA;7 
29. I C-2058 E X  MU CA-181 
30, 1 C-2091 Ex John lnnes 9036 
31. 0-1 IARI, MU Qdhl  
32 a F-6 -do- 
33. F-75 -do- 
34. W -45 JNKVV, Jabalput 
35. KG-31 CUUAT, Kanpur 
36. TAL -480 Ex Bsnqalore UAS 857 
37 @ TAl-620 EX SCRISAT IC-2002 
38. TAL-1148 Ex USA 27 A 2  
fast a About 2 rn si te  fn 3-4 
)(adfun, About 2 m s f z e  In 7 days 
S ~ W  s wut 2 mn sire tn 7-10 d r y s .  
miurn 
Slow 
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flow 
W f m  
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Slw 
Slow 
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h d  1 m 
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F a s t  
Hcd 1 urn 
Hcd r urn 
Hed i urn 
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Mcdi wn 
Medium 
Red i urn 
Med 1 urn 
f s s t  
Med 1 un, 
Med 1 urn 
Mtd i urn 
ned 1 urn 

